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(57)Abstract: 

PURPOSE: To decrease water content contained in a coating film 
and to prevent the generation of the defective connection of through 
holes, through which a lower layer aluminum wiring and an upper 



introducing oxygen supplied at a flow rate adjusted by a flow rate ">«**-r 
adjuster 2 in a silent discharge ozone generator 1 1 . The produced 
organic silane gas and ozone-containing oxygen gas are introduced 
in a manihold 15. When the outputs of high-frequency power 
supplies 35 and 36 are changed in synchlonization with a pulse, 

which is generated by a pulse generator 40, plasma between a shower electrode 19 and a substrate 28 is 
periodically changed to form a desired thin film. Accordingly, the amount of water content in an interlayer film is 
decreased and the crack resistance is enhanced. 



layer aluminum wiring are connected to each other, by a method 
wherein organic silane and oxygen are contained in raw gas and 
while the intensity of plasma emission on the surface of a substrate 
is periodically changed, a desired thin film is formed. 
CONSTITUTION: The flow rate of liquid organic silane is adjusted 
by a liquid flow rate adjuster 3. The liquid organic silane is 
completely vaporized by an evaporator 1 2, mixed with helium 
flowing at a flow rate adjusted by a flow rate adjuster 4, and organic 
silane gas is produced. Ozone-containing gas is produced by 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]Plasma chemistry vapor phase growth forming a desired thin film changing periodically plasma 
irradiation intensity to the direction of a substrate including organic Silang and oxygen to at least a part of material 
gas. 

[Claim 2]The chemical-vapor-deposition method according to claim 1 forming a desired thin film changing plasma 
irradiation intensity to a substrate face periodically including organic Silang and ozone content oxygen to at least 
a part of material gas. 

[Claim 3]The plasma chemistry vapor phase growth according to claim 1 or 2 performing periodic change of said 

plasma irradiation intensity by repetition of a generation state of plasma and a non-generation state. 

[Claim 4]The plasma chemistry vapor phase growth according to claim 1 or 2 performing periodic change of said 

plasma irradiation intensity by repetition of an exposure of plasma to a substrate face and un-glaring. 

[Claim 5]A chemical vapor deposition apparatus comprising: 

A mechanism which supplies organic Silang and oxygen to a wafer surface. 

Oxygen plasma ion sources. 

A shutter for changing plasma irradiation intensity periodically. 

[Claim 6]lt is a chemical-vapor-deposition method using organic Silang, oxygen, or ozone as material gas, A 

chemical-vapor-deposition method adding at least one kind in hydrogen peroxide (H 2 0 2 ), hydrogen (H 2 ), water 

(H 2 0), hydrocarbon, alcohol, a carbonyl compound, and carboxylic acid furthermore. 

[Claim 7]The chemical-vapor-deposition method according to claim 6 irradiating with plasma. 

[Claim 8]The chemical-vapor-deposition method according to claim 7 forming a desired thin film changing plasma 

irradiation intensity to a substrate face periodically. 

[Claim 9]The chemical-vapor-deposition method according to claim 9 performing periodic change of said plasma 

irradiation intensity by repetition of a generation state of plasma and a non-generation state. 

[Claim 10]A manufacturing method of multilevel interconnection characterized by comprising the following. 

It is organic Silang to material gas. 

Ozone or oxygen. 

A process of ************_ hydrogen, water, hydrocarbon, alcohol, a carbonyl compound, and the carboxylic acid 
which adds one at least and at which only thickness more than height of metallic wiring forms an insulator layer 
on metallic wiring. 

A process of forming flattening films, such as a resist film and organic silica membrane, and a process which 
carries out etchback by a reactive-ion-etching method. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the manufacturing method of a chemical-vapor-deposition method, 

a chemical vapor deposition apparatus, and multilevel interconnection. 

[0002] 

[Description of the Prior ArtTThe conventional plasma chemistry vapor phase growth formed the desired thin film 
on the processed board, using TEOS and oxygen for reactant gas, impressing the high-frequency power of a 
fixed output between the counterelectrodes in a reaction vessel, and generating the plasma of constant intensity. 
[0003]The schematic diagram of the conventional plasma vapor phase growth system is shown in drawing 9 . 
[0004]The TEOS (tetraethyl orthosilicate) gas used as a silicon raw material carries out bubbling of the liquid 
TEOS131 put into the bubbler 132 by helium (helium) gas by which flow regulation was carried out by the flow 
regulator 123, evaporates TEOS, and is generated. Ozone content oxygen passes the ozone generator 165 for 
the oxygen gas by which flow regulation was carried out by the flow regulator 120, makes ozone of about 10% of 
concentration contain, and is generated. TEOS gas and ozone containing oxygen gas are introduced into the 
manifold 136 from the TEOS feed port 138, and oxygen and an ozone feed port 139, It is mixed within the 
manifold 136, and it hits the gas diffusion board 140, is spread, and distributes still more uniformly through the 
shower electrode 142, and the surface of the substrate 147 is sprayed. It is equipped on the SiC susceptor 144, 
optical heating is carried out from the heat lamp 146 through the quartz plate 145, and the substrate 147 is held at 
the temperature of about 350 **. The shower electrode 142 is electrically insulated with other portions with the 
insulating ring 141. 

The high frequency voltage of two frequency generated with 13.56-MHz RF generator 129 and the high-pass filter 
130, 450-kHz RF generator 133, and the low pass filter 134 is impressed via the matching box 135. 
The exhaust pipe 148 is connected to the vacuum pump 149, and the pressure of the reaction chamber 143 is 
held at the number Torr. 

[0005]Usually, in the above devices, after spraying TEOS gas and the mixed gas of oxygen on the substrate 147 
from the shower electrode 142 and checking the stability of a pressure etc. first, impress fixed high frequency 
voltage to the shower electrode 142, TEOS and oxygen are made to decompose, and a desired film is formed on 
the substrate 147. 

[0006]ln such a simple method, it turns out that the step coverage nature (step coverage) to the ground stepped 
surface of the formed film is bad (about 50%), and to perform plasma chemistry vapor phase growth, and ozone 
and the thermochemistry vapor phase growth of TEOS by turns is tried. When performing such a method to 
drawing 10 , the change to the membrane formation time of the high-frequency power impressed to the shower 
electrode 142, the number of oxygen ion in plasma, and the ozone level in material gas is shown. Plasma 
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chemistry vapor phase epitaxy is performed, and the period when high-frequency power is impressed is 
performing ozone thermochemistry vapor phase epitaxy, although the number of oxygen ion shows the maximum. 
As for the period of zero, also in the number of oxygen ion, high-frequency power is zero. 
After making high-frequency power into zero, in order to begin to pass ozone, fixed time is required by the time an 
ozone level rises. As mentioned above, when plasma chemistry vapor phase growth and ozone thermochemistry 
vapor phase growth are performed by turns, it is shown in drawing 1 1 (a) - (d) how a film is formed. On the 
aluminum wiring 153 formed on the substratum substrate, first, as shown in (b), the plasma CDV film 154 is 
formed. Next, as shown in (c), in order to embed the narrow space between aluminum wiring, 1st heat CVD film 
155 is formed. As shown in (d), the 2nd plasma-CVD film 156 is formed. Such a process is repeated, film 
formation is performed to desired thickness, and the film of multilayer structure is formed like drawing 11 (d). It is 
important that ozone heat CVD film 155 remains in the form as it is by such a method especially. Because, if the 
film formation condition of ozone heat CVD film 155 is not proper, many moisture remains in a film, The problem 
that a steam blows off from the interlayer connection hole of aluminum wiring, exfoliation of an interlayer film 
arises with a steam, or the faulty connection (a poor through hole) in the interlayer connection hole of aluminum 
wiring occurs arises. It is known to these problems that it is effective to form ozone heat CVD film 1 55 on high 
ozone level conditions. However, under such high ozone level conditions, it is also known that the step coverage 
of ozone heat CVD film 155 on the 1st plasma-CVD film 154 will deteriorate. This is considered that the 
membraneous quality of the 1st plasma-CVD film 154 happens since it differs on the upper surface and the side 
of the aluminum wiring 153. 

r00071 Drawing 12 shows the formation method of the flattening insulator layer for multilevel interconnection which 
used conventional plasma chemistry vapor phase growth and the silica applying method. First, as shown in 
drawing 12 (a) and (b), only the thickness which is a grade where ** (void) is not made to the space between 
wiring forms the plasma-CVD film 159 on the aluminum wiring 158 formed on the substrate 157. Next, silica 
coating liquid is applied like drawing 12 (c), heat treatment of around 300 ** for 100 ** heat treatment for solvent 
evaporation and a membraneous improvement is performed, and the silica coating film (1-time spreading) 160 is 
formed. The way things stand, since surface smoothness is insufficient, the process of silica spreading and heat 
treatment which were performed by drawing 12 (c) is repeated twice or more like drawing 12 (d), and the silica 
coating film (multiple-times spreading) 161 is formed. Etchback is carried out using the usual reactive-ion-etching 
method (RIE). Since an oxygen atom will be supplied from an oxide film if the plasma-CVD oxide film on 
aluminum wiring is exposed at this time, The etching rate of a silica coating film becomes large, and, as for the 
silica coating film 162 behind etchback, cratering the space part between aluminum wiring level differences is 
known like drawing 12 (e). Finally, again, the plasma-CVD film 163 is formed and an interlayer film is completed. 
[0008] 

[Problem(s) to be Solved by the InventionJThe above-mentioned conventional plasma chemistry vapor phase 
growth had bad step coverage nature (step coverage), and was not able to lay the submicron space between 
aluminum wiring underground. In order to lay the submicron space between aluminum wiring underground, it is 
necessary to perform plasma chemistry vapor phase growth, and ozone and the thermochemistry vapor phase 
growth of TEOS by turns, or to form a silica coating film like drawing 12 like drawing 1 1 , many times. However, 
the ozone TEOS heat CVD film formed under decompression of about 10 Torr and the silica coating film had 
much moisture contained in a film, there was a problem in opportunity intensity, an insulating property, etc., and 
there was a fault that the faulty connection of the through hole which connects lower layer aluminum wiring and 
the upper aluminum wiring especially arose. When membranes were formed on high ozone level conditions, the 
amount of film Nakamizu decreased, but step coverage deteriorated and there was fault where perfect embedding 
becomes impossible. In the method of carrying out etchback of a silica coating film like drawing 12 further again, 
the process of forming a silica coating film, and the process which carries out etchback were dramatically 
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complicated, and the increase in a routing counter and the fault of causing yield lowering also had it. 
[0009] 

[Means for Solving the ProblemJA chemical-vapor-deposition method of this invention contains organic Silang, 
and oxygen or ozone as material gas, Furthermore, at least one kind in hydrogen peroxide (H 2 0 2 ), hydrogen 
(H 2 ), water (H 2 0), hydrocarbon, alcohol, a carbonyl compound, and carboxylic acid is included. Plasma chemistry 
vapor phase growth of this invention forms a desired film, changing plasma irradiation intensity to a substrate face 
periodically including organic Silang, oxygen, or ozone content oxygen to at least a part of material gas. Under the 
present circumstances, repeat and perform a generation state and a non-generation state of plasma as a means 
to change plasma irradiation intensity, or. It repeats an exposure of plasma to a substrate face, and un-glaring, or 
high frequency voltage of two or more sorts of frequency is impressed to an electrode in a reaction vessel which 
counters, and high-frequency power of some or all of them is changed periodically. 
[001 0]A chemical vapor deposition apparatus of this invention is provided with the following. 
A mechanism which supplies organic Silang. 
A mechanism which supplies ozone content oxygen. 

Hydrogen peroxide, hydrogen, water, hydrocarbon, alcohol, a carbonyl compound, a mechanism that makes a 

gaseous state at least one kind in carboxylic acid, and supplies it. 

A chemical vapor deposition apparatus of this invention is provided with the following. 

A mechanism which supplies organic Silang. 

A mechanism which supplies oxygen or ozone content oxygen. 

A mechanism to which plasma generation intensity is changed periodically, or several plasma irradiation 

mechanisms from which plasma strength provided in one reaction vessel differs. 

A mechanism to which a substrate is moved among two or more of these plasma irradiation mechanisms. 

A chemical vapor deposition apparatus of this invention is provided with the following. 

A mechanism which supplies organic Silang and ozone content oxygen to a wafer surface. 

Oxygen plasma ion sources. 

A mechanical or electromagnetic shutter for changing plasma irradiation intensity periodically. 
A chemical vapor deposition apparatus of this invention impresses high frequency voltage of two or more sorts of 
frequency to an electrode in a reaction vessel which counters, and has a mechanism to which high-frequency 
power of some or all of them is changed periodically. 

[001 1]A manufacturing method of multilevel interconnection of this invention to material gas Organic Silang, 
Including ozone or oxygen, further by a chemical-vapor-deposition method of hydrogen peroxide, hydrogen, 
water, hydrocarbon, alcohol, a carbonyl compound, and the carboxylic acid which adds one at least. A process at 
which only thickness more than height of metallic wiring forms an insulator layer on metallic wiring, a process of 
forming flattening films, such as a resist film and organic silica membrane, and a process which carries out 
etchback by a reactive-ion-etching method are included. A process at which a manufacturing method of multilevel 
interconnection of this invention makes organic Silang, ozone, or oxygen material gas, plasma irradiation intensity 
to a substrate face is changed periodically, and only thickness more than height of metallic wiring forms an 
insulator layer on metallic wiring, A process of forming flattening films, such as a resist film and organic silica 
membrane, and a process which carries out etchback by a reactive-ion-etching method are included. 
[0012] 

[Example]Next, this invention is explained with reference to drawings. 

[001 3] Drawing 1 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system 
showing the 1st example of this invention. 

Drawing 2 expresses operation of a plasma chemistry vapor-phase-epitaxy difference of drawing 1 about the 
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temporal change of impression high-frequency power, the number of oxygen ion, and an ozone level, and drawing 
3, Are the outline of the principle of this invention a model figure which expresses, and drawing 4 , the time of 
being drawing of longitudinal section showing the growth process of the time progress and the film at the time of 
performing operation like drawing 2 , and drawing 5 performing operation like drawing 2 - high frequency ON time 
(t QN ) - the relation of a film growth rate, step coverage, and the absorption index of an OH radical is shown 
comparatively (duty D). 

[0014] Drawing 1 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
Example 1 of this invention. In the device of this example, the ethyl silicate (it calls the following TEOS) gas used 
as a silicon raw material, Carry out flow regulation of the liquid TEOS supplied from the TEOS tank which is not 
expressed with this figure with the mass flow type liquid flow rate regulator 3, and it is made to evaporate 
thoroughly by evaporation term 12, and it is mixed with the helium by which flow regulation was carried out by the 
flow regulator 4, and is generated. Ozone content oxygen introduces into the silent discharge type ozone 
generator 1 1 the oxygen by which flow regulation was carried out by the flow regulator 2, makes 1 to 10% of 
ozone contain, and is generated. Thus, the TEOS gas and ozone containing oxygen gas which were generated 
are introduced into the manifold 15 from the TEOS feed port 14 and the ozone feed port 13. Within a manifold, it 
is mixed and these gases are diffused almost uniformly by hitting the gas diffusion board 17. If it hits the shower 
electrode 19, it will distribute still more uniformly and the surface of the substrate 28 will be sprayed. It is equipped 
on the SiC susceptor 21, optical heating is carried out from the heat lamp 23 through the quartz plate 22, and the 
substrate 28 is held at the temperature of about 200-450 **. The shower electrode 19 is electrically insulated with 
other portions with the insulating ring 18. 

The high frequency voltage of two frequency generated with the source 36 and the low pass filter 35 is impressed 
via the matching box 37 by 13.56-MHz RF generator 39 and the high-pass filter 38, and 450-kHz high frequency. 
The exhaust pipe 24 is connected to the vacuum pump 26, and the pressure of the reaction chamber 20 is held at 
0.1 - tens Torr(s). 

[0015]The mixer part which mixes the high frequency voltage of two frequency inside the matching box 37 
connected to the shower electrode 19 in this example, There are a matching part which performs an impedance 
match, a dummy load, and a solid state switch, and the high frequency voltage impressed to the shower electrode 
19 can be turned now on and off. It is also possible to change the output of RF generators 35 and 36 and to 
change the high frequency voltage impressed to the shower electrode 19 synchronizing with PASURU which the 
pulse generator 40 generates. These operations are controlled by the process controller 41 including substrate 
temperature, a reaction chamber pressure, etc. Transfer ways, such as these control signals, pulses, etc., are 
shown by the dashed line in drawing 1 . 

[001 6]Here, operation of this device at the time of turning on and off the high frequency voltage impressed to the 
shower electrode 19 in periodic 1 second is explained using drawing 2 , drawing 3 , drawing 4 , and drawing 5 . 
[0017]The drawing 2 ****** shows the relation between membrane formation time and high-frequency power. 
Plasma occurs between the shower electrode 19, the substrate 28, or the SiC susceptor 21 between time t QN 
from which high-frequency power is turned on, and oxygen or ozone decomposes and it is generated by oxygen 
ion. The drawing 2 middle expresses change of the number of oxygen ion. Since it begins to impress high- 
frequency power, by the time the plasma state is stabilized, a certain fixed time will be required and will have 
become a waveform with sloping shoulders. Since ozone is more unstable than oxygen, the ionization efficiency 
by impression of high-frequency power is high. Therefore, like the drawing 2 upper row, the number of ozone 
molecules in plasma falls considerably, when high-frequency power is one. 

[0018]Dra wing 3 (a) and (b) is a model figure showing the situation near [ at the time of high frequency one and 
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OFF ] the substrate face, respectively. Plasma occurs between the shower electrode 19 of drawing 1 , and the 
substrate 28 at the time of high frequency ion. In plasma, an oxygen molecule and a TEOS molecule dissociate in 
the electron 45, the oxygen ion 47, the TEOS dissociation molecule 46, and oxygen radical 55 grade. Sheath 
voltage occurs between plasma and a substrate, it is accelerated with this voltage, and the drift of the oxygen ion 
47 is carried out, and it collides with a substrate face. The TEOS dissociation molecule 46 is also diffused toward 
a substrate face, and it becomes the film formation precursor 50 by a pyrolysis or decomposition by an oxygen ion 
shock in a formation membrane surface. It reacts to an oxygen radical etc. in a formation membrane surface, and 
the formation film 51 is formed. Under the present circumstances, since very many oxygen ion shocks are shown 
in the surface of the formation film 51, the life of the film formation precursor 50 is quite short, and the density in a 
formation membrane surface is low. An oxygen ion shock has the operation which stiffens the formation film 51 , 
and membraneous quality is good and is useful for formation of the film of compression stress. 
[0019]Now, once high frequency is come by off (refer to drawing 3 (b)), an electron and the number of oxygen ion 
will decrease promptly, but the TEOS dissociation molecule 46 and the oxygen radical 55 remain still more. These 
are diffused on the surface of the formation film 51, serve as the film formation precursor 50, and decrease soon. 
It is spread toward a membrane surface, and the TEOS molecule 54 and the ozone molecule 56 also react, and 
serve as a TEOS dissociation molecule and a film formation precursor. In the surface of the formation film 51, 
since a film formation reaction is only thermal reaction, a film formation precursor exists in a formation membrane 
surface by high density, and the film formation precursor pseudo-liquid layer 59 is formed in it. The thickness of 
the side lower part of the level difference currently formed in the substrate 52 becomes thick, and this film 
formation precursor pseudo-liquid layer 59 eases inclination on the level difference side in order to show the 
character of a fluid. 

[0020] Drawing 4 is drawing of longitudinal section showing time progress when high-frequency power is 
impressed like drawing 2, and the situation of film formation in model. First, like drawing 4 (a), high frequency is 
turned on between time t QN (d rawing 2 0.5 second), and 1st about 10-nm plasma-CVD film 60 is formed. Next, 
1st heat CVD film 62 is formed between time t QFF (0.5 second) like drawing 4 (b). Time t 0FF is dramatically as 
short as 0.5 second, and the thickness of 1st heat CVD film 62 is about 1 nm. Therefore, refining will be carried 
out with an oxygen ion shock etc. in early stages of the next t QN , and it will be membraneous quality equivalent to 
a plasma-CVD film. Therefore, like drawing 4 (c), the 1st plasma-CVD film 60 and distinction stop attaching 1st 
heat CVD film 62 by which refining was carried out, and it will be incorporated into the 1st plasma-CVD film 60. 
Since a heat CVD film is an effect of a film formation precursor pseudo-liquid layer, the angle of the narrow space 
between wiring or the level difference lower part can be embedded and shape can be made smooth, It means 
forming the formation film 64 before the 2nd plasma-CVD film growth of membraneous quality equivalent to 
plasma CVD in shape equivalent to the heat CVD by the continuing plasma irradiation in early stages of plasma- 
CVD film growth. Since the level difference lower part has roundish shape with the formation film 64 before the 
2nd plasma-CVD film growth, the shape of the 2nd plasma-CVD film 63 formed on this is also roundish like 
drawing 4 (c). In order that distinction may not attach the formation film 64 before the 2nd plasma-CVD film 
growth, and the 2nd plasma-CVD film 63, either, in the growth step (d) of 2nd continuing heat CVD film 65, a 
lower layer film turns into the formation film 66 after the 2nd plasma-CVD film growth. 
[0021]By repeating the above stages many times, like drawing 4 (e), there is no ** (void) in the space part 
between the aluminum wiring 61 , and the formation film of good membraneous quality almost equivalent to a 
plasma-CVD film can be embedded. 

r0022] Drawing 5 shows the relation between the value of duty ratio D ( D=t 0 N / ( t ON +t OFF) x10 ° (° /o ^ calculated 
from t QN and t 0FF in drawing 2 , and the absorption index of the OH radical in a growth rate, step coverage, and a 
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film. The drawing 5 bottom shows that a growth rate increases, so that D is large, and it turns out that step 
coverage will begin to get worse if D exceeds 50%, and discontinuation shows becoming small enough, if, as for 
an OH radical, D exceeds 40% from the upper row. Although step coverage and a film Nakamizu daily dose (OH 
radical absorption index in a film) tend to conflict from drawing 4 , by setting a duty ratio D value as the suitable 
range (it is 40 to 60% in the case of this example) shows that both can be prevented from spoiling. 
[0023]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), The same result is obtained even if it uses silicon containing compounds, 
such as hexamethyldisilazane (HMDS), triethoxysilane (SiH(OC 2 H 5 ) 3 ), and a tris dimethylamino silane (SiH(N 
(CH 3 ) 2 ) 3 ). 

[0024]Since the life of an oxygen radical or a TEOS dissociation molecule is quite long even if ozone in reactant 
gas does not exist, the same result will be obtained if the value of duty ratio is chosen suitably. The same result is 
obtained also when hydrides and organic compounds, such as nitrogen compounds, such as silicon inorganic 
compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to mix into reactant gas. 
[0025]Although only the high-frequency power impressed to the shower electrode 1 9 was changed by this 
example further again, if high-frequency power, a reaction chamber pressure, substrate temperature, a gas mass 
flow, etc. are changed synchronizing with the pulse which the pulse generator 40 generates, better step coverage 
nature will be obtained. 

[0026] Drawing 6 (a) is an outline top view of the reaction chamber of the plasma chemistry vapor phase growth 
system of the 2nd example of this invention. 

Drawing 6 (b) is drawing of longitudinal section which met the A-A' line of drawing 6 (a). 
Drawing 6 (a) expresses the top view which met the B-B' line of drawing 6 (b). 

[0027]The reaction chamber 72 is divided into the field of six fanning, and fanning of the direction of 3:00 of a 
clock has become the heat CVD field 70. 

Clockwise, it is arranged a plasma-CVD field, a heat CVD field, the plasma-CVD field 166, and by turns. 

It is equipped with the substrate 69 on the susceptor 71 which rotates the axis of rotation 79 as an axis, and it 

passes through a heat CVD field and a plasma-CVD field by turns. 

[0028]After TEOS gas and ozone content oxygen are introduced into the heat CVD field 70 and it distributes 
uniformly with the gas distribution plate 83 and the shower injector 81 from the TEOS feed port 73 and the ozone 
feed port 75, the surface of the substrate 69 is supplied to it. Since the substrate 69 is heated by about 350 ** with 
the heater 80 installed in the back side of the susceptor 71, the heat CVD film by ozone and TEOS grows on a 
substrate. 

[0029]TEOS gas and oxygen gas are introduced into the plasma-CVD field 166 from the TEOS feed port 73 and 
the oxygen feed port 74, it is uniformly distributed by gas distribution plate 83' and the shower electrode 78, and 
the surface of substrate 69' is supplied. The shower electrode 78 is electrically insulated from other portions of the 
reaction chamber by the insulating ring 82 and the insulator 76. 

The high frequency voltage of 13.56 MHz or 450 kHz is impressed from RF introduction terminal 77. 
Between the shower electrode 78, substrate 69', or the susceptor 71 , plasma is excited by impression of such 
high frequency voltage, and a plasma-CVD film is formed. 

[0030]As mentioned above, in order that the substrate 69 may pass through a plasma-CVD field and a heat CVD 
field by turns with the rotating susceptor 71, a plasma-CVD film and a heat CVD film are formed by turns. Under 
the present circumstances, if revolving speed of the susceptor 71 is made into a per minute 10 rotation grade, the 
thickness of the heat CVD film formed in the heat CVD field 70 is set to about 2 nm, plasma irradiation will be 
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carried out in early stages of membrane formation of a ****** plasma-CVD field, and membraneous quality will 
become being the same as that of a plasma-CVD film. Thus, as drawing 4 described, membraneous quality is the 
same as that of a plasma-CVD film, and the CVD film excellent in step coverage and level difference embedding 
nature is formed. 

[0031]Although the reaction chamber was divided into six fields, this example will be available for it without limit, if 
this is two or more. Although the kind of film forming zone was made into two kinds, a heat CVD field and a 
plasma-CVD field, two or more sorts may be provided with the frequency and applied power of high frequency 
which impress a plasma-CVD field. 

[0032]Although the susceptor 71 was made into the shape of a plane turntable and the shower injector and the 
shower electrode were provided up in this example, a susceptor is made into a cylinder or the shape of a multiple 
pillar, the lateral surface is equipped with a substrate, and the same result is obtained, even if it counters with a 
substrate and provides a shower electrode etc. 

[0033]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0034]Since the life of an oxygen radical or a TEOS dissociation molecule is quite long even if ozone does not 
exist in reactant gas, the same result will be obtained if the value of duty ratio is chosen suitably. The same result 
is obtained also when hydrides and organic compounds, such as nitrogen compounds, such as silicon inorganic 
compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to mix into reactant gas. 
[0035] Drawing 7 is a gross section figure showing the outline of the plasma chemistry vapor phase growth system 
of the 3rd example of this invention. 

[0036]The argon gas Ar by which flow regulation was carried out to oxygen gas 0 2 by which flow regulation was 
carried out to the ion source cave 93 by the flow regulator 103 by the flow regulator 87 is supplied, and the 
pressure is maintained at p=1mTorr. Microwave with a frequency of 2.54 GHz is supplied via the waveguide 85 
and the transmission window 86 from the microwave power supply 84. By the 875 gauss magnetic field which the 
main electromagnet coil 94 makes, within the ion source cave 93, the electron cyclotron resonance (ECR) has 
happened and the high oxygen plasma of an ionization rate occurs. With the emission magnetic field and the 
auxiliary coil 96 of the main electromagnet coil 94, oxygen ion is pulled out to the reaction chamber 95, and it is 
irradiated with it to the substrate 106. The TEOS gas used as a silicon raw material carries out flow regulation of 
the TEOS gas which evaporated from TEOS1 1 1 kept warm in the homoiothermal container 112 kept at 80 ** by 
the flow regulator 113, and is introduced from the TEOS feed port 107 to a reaction chamber. The oxygen gas by 
which flow regulation was carried out with the flow regulator 101 passes the ozone generator 98, becomes ozone 
content oxygen, and is supplied from the ozone feed port 97. It is equipped with the substrate 106 on the 
susceptor 1 09, and it is heated by 300 ** with the heater 110. Flow regulation of the pressure of a reaction 
chamber is carried out by the flow regulator 88, and it is maintained at about 1 mTorr by the argon gas for dilution 
and the vacuum pump 105 which are supplied from the Arfeed port 108. 

[0037]ln the plasma CVD device of this example, oxygen plasma is first generated in the ion source cave 93. It is 
suitable, and it comes out, and is made the small value, and the exposure of oxygen plasma makes the auxiliary 
coil 96 and the current sent through 96' the grade which generates the magnetic field which faces to a substrate 
from an ion source and which becomes uniform. The magnetic field which faces to a substrate is generated, and it 
is suitable, and comes out from an ion source, and the current sent through reflective magnetic coil 102,102' is 
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also made into the small value. If the substrate 106 surface is made to irradiate with oxygen ion and TEOS gas is 
supplied in this state, ECR plasma vapor phase epitaxy will happen and the good plasma-CVD film of 
membraneous quality will be formed. About 10 nm is formed. Next, the value of the current sent through the 
auxiliary coil 96 and 96' is strengthened, a mirror type magnetic field is formed near an ion source cavernous exit, 
and it is made for the electron and ion which flow out of plasma by the main electromagnet coil 94 and the 
emission magnetic field of 94' to rebound. Then, on the substrate 106, only neutral particles diffused from TEOS 
gas and an ion source, such as an oxygen radical and an oxygen molecule, are supplied, only a heat CVD 
reaction occurs, and good membrane formation of step coverage is performed. Then, if the auxiliary coil 96 and 
the current sent through 96' are changed with the cycle of 1 to about 10 seconds, The number of oxygen ion 
irradiated by the substrate 106 changes periodically, a plasma-CVD film and a heat CVD film are formed by turns, 
further, refining to the plasma-CVD film of a heat CVD film is also performed, and the plasma CVD excellent in 
step coverage and level difference embedding nature is formed like drawing 4 . Since the reaction chamber 
pressure is especially set to about 1 mTorr by this example, a winning popularity lump of the big slot on the 
aspect ratio also becomes possible. 

[0038]Although the mirror type magnetic field formed with the auxiliary coil 94 was used in the above-mentioned 
example as a means to change the oxygen ion irradiated by the substrate 106, The cusp type magnetic field 
formed of reflective magnet 102,102' and the recoil electric field formed in the susceptor 109 by impressing 
positive voltage may be used. Although not shown in drawing 7, the same result is obtained even if it uses an 
opportunity shutter. However, when it is made structure which bars diffusion of an oxygen radical using a 
mechanical shutter etc., it cannot be overemphasized that it is better to operate the ozone generator 98, to supply 
ozone near the substrate, to promote thermochemistry vapor phase epitaxy, and to have promoted growth of the 
heat CVD film. 

[0039]ln the above-mentioned example, although the electron cyclotron resonance type (ECR) ion source was 
used as an ion source, if the intensity of oxygen ion can be changed, it will not be based on the form but the same 
result will be obtained. 

[0040]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisiiazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0041]The same result is obtained also when hydrides and organic compounds, such as nitrogen compounds, 
such as silicon inorganic compounds, ammonia, etc., such as Siiang, Lynn, boron, arsenic, antimony, are made to 
mix into reactant gas. 

[0042] Drawing 8 is drawing of longitudinal section showing the interlayer insulation film flattening method of the 
4th aluminum multilevel interconnection of this invention. 

[0043]ln this example, the aluminum wiring 1 14 is first formed on the substrate 1 15 in which the semiconductor 
device etc. were formed ( drawing 8 (a)). Next, using the plasma chemistry vapor phase growth system of 
Example 1 of this invention, among a figure, as shown in (b) and (c), CVD film 116 of this invention is formed 
more thickly than the thickness of aluminum wiring. Postbake of the resist 1 17 is applied and carried out. 
Etchback is performed and it is made for the surface of a CVD film to become flat using the reactive-ion-etching 
method adjusted so that the etching rate of CVD film 116 of the resist 117 and this invention might become equal. 
Then, the interlayer film 1 18 by which flattening was carried out is done. 

[0044]ln this example, although resist was used for flattening, even if it uses polyethylene, organic SOG, etc., an 
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equivalent result is obtained. As a flattening method, if grinding method is used, it will cross to an entire substrate 
and good surface smoothness will be obtained. 

r0045] Drawing 13 shows the method of the operation of the 5th example which uses the plasma chemistry vapor 
phase growth system of Example 1 of drawing 1 . It expresses with drawing 13 about 1 3.56-MHz high-frequency 
power, 450-kHz high-frequency power, ion current density, and average ion energy. However, any value is 
standardized at the maximum of each value. 

[0046]ln the method of operation of this example, like the 1st step and the 2nd step from under drawing 13 , As a 
pulse is sent to RF generators 39 and 36 of two frequency (13.56 MHz and 450 kHz) of drawing 1 from the pulse 
generator 40 and the maximum output of the high frequency of two frequency becomes an opposite phase to 
them, voltage is impressed to the shower electrode 19. Then, like the 3rd step and the 4th step from under 
drawing 13 , although change of ion current density is small, average ion energy takes the maximum, when 450- 
kHz high-frequency power is the maximum, and when 13.56-MHz high-frequency power is the maximum, it can 
serve as the minimum. If this has the high frequency of the high frequency to impress, it will be because the 
voltage (sheath voltage) produced between plasma and a substrate decreases. Thus, in that the intensity of an 
ion bombardment changes periodically, and does not have degradation of membraneous quality, and step 
coverage nature and slot embedding nature are improved, when changing only ion energy, although it is the same 
as that of Example 1, without changing ion current density, Like the drawing 13 highest rung, there is an 
advantage that change of a film growth rate can be small performed to about 10%. 

[0047]ln this example, although the device of drawing 1 was used, even if it uses the device of drawing 6 and 
drawing 7 which were shown in other examples of this invention, the same result can be obtained. 
[0048]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0049]Since the life of an oxygen radical or a TEOS dissociation molecule is quite long even if ozone does not 
exist in reactant gas, the same result will be obtained if the value of duty ratio is chosen suitably. The same result 
is obtained also when hydrides and organic compounds, such as nitrogen compounds, such as silicon inorganic 
compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to mix into reactant gas. 
[0050]Although only the high-frequency power impressed to the shower electrode 19 was changed by this 
example further again, if high-frequency power, a reaction chamber pressure, substrate temperature, a gas mass 
flow, etc. are changed synchronizing with the pulse which the pulse generator 40 generates, better step coverage 
nature will be obtained. 

f0051] Drawing 14 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
the 6th example of this invention. In the device of this example, the ethyl silicate (it calls the following TEOS) gas 
used as a silicon raw material, Carry out flow regulation of the liquid TEOS supplied from the TEOS tank which is 
not expressed with this figure with the mass flow type liquid flow rate regulator 175, and it is made to evaporate 
thoroughly with the evaporator 187, and it is mixed with the helium by which flow regulation was carried out by the 
flow regulator 176, and is generated. Ozone content oxygen introduces into the silent discharge type ozone 
generator 186 the oxygen by which flow regulation was carried out by the flow regulator 174, makes 1 to 10% of 
ozone contain, and is generated. Hydrogen peroxide gas is generated by carrying out bubbling of the fluid 
hydrogen peroxide 185 in the homoiothermal container 177 with the helium by which flow regulation was carried 
out by the flow regulator 177. Although the concentration of hydrogen peroxide gas was adjusted at the 
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temperature of the homoiothermal container 184, it was used in 10-20 ** at this example. Thus, the TEOS gas, 
ozone containing oxygen gas, and hydrogen peroxide gas which were generated are introduced into the manifold 
208 from the TEOS feed port 189, the ozone feed port 188, and the hydrogen oxide gas inlet 190. Within a 
manifold, it is mixed and these gases are diffused almost uniformly by hitting the gas diffusion board 192. If it hits 
the shower electrode 194, it will distribute still more uniformly and the surface of the substrate 207 will be sprayed. 
It is equipped on the SiC susceptor 196, optical heating is carried out from the heat lamp 198 through the quartz 
plate 197, and the substrate 207 is held at the temperature of about 200-450 **. The shower electrode 194 is 
electrically insulated with other portions with the insulating ring 193. 
The 13.56-MHz high frequency generated with RF oscillator 206 is impressed. 

The exhaust pipe 1 99 is connected to the vacuum pump 201 , and the pressure of the reaction chamber 1 95 is 
held at 0.1 - tens Torr(s). 

[0052]The above devices are used in this example, The insulator layer was formed by the film formation condition 
of the forming temperature of 200 **, forming pressure 10Torr, RF power 100W, TEOS flow 50SCCM, oxygen 
(0 2 ) flow 1SLM, 5% of an ozone level, the hydrogen peroxide (H 2 0 2 ) flow 0 - 5SCCM. Drawing 16 is the figure 
which compared the longitudinal plane shape on the aluminum wiring 245 of the insulator layer formed by various 
methods. The insulator layer (henceforth a TEOS/0 2 system plasma-CVD film) and drawing 16 (b) which used 
the plasma vapor phase growth of the conventional TEOS and oxygen (0 2 ) drawing 16 (a), When a hydrogen 
peroxide (H 2 0 2 ) flow is 0SCCM among the conditions of this example (when it was got blocked and only ozone 
content oxygen is used). Drawing 16 (c) shows the case where a hydrogen peroxide (H 2 0 2 ) flow is 5SCCM 
among the conditions of this example. Although drawing 16 (a) and (b) show that step coverage has been 
considerably improved by using ozone content oxygen instead of oxygen, in the space to which an aspect ratio 
exceeds 1.0, it also turns out that the void (**) 249 arises. From drawing 16 (c), by adding hydrogen peroxide gas 
(H 2 0 2 ) further in addition to ozone content oxygen, Generating of a void (**) is lost also in the space to which an 
aspect ratio exceeds 1 .0, and it turns out that flow shape was formed a little also in the portion of isolated 
aluminum wiring. The added hydrogen peroxide decomposes according to a chemical formula like a formula (1), 
and these results are H 2 0 2 -> H 2 0+-0.... (1) 

It is thought that it is because the film formation precursor pseudo-liquid layer 59 is formed also in the state where 
generation of the film formation precursor 50 shown by drawing 3 is promoted, high-frequency power is 
impressed, and plasma is irradiated in order that an oxygen radical (-0) and water (H 2 0) may be generated and 
these may promote the polymerization of TEOS. 

[0053]Although hydrogen peroxide was used as addition gas in this example, The same result was obtained, 
although the effect had a difference when hydrogen (H 2 ), water (H 2 0), hydrocarbon, alcohol, a carbonyl 
compound, and the compound that reacts to oxygen like carboxylic acid and generates water (H 2 0) were used. 
Also when hydrogen peroxide was used and an RF output was zero, the improvement of flow nature was 
accepted compared with the case where hydrogen peroxide is not used. Although the ethyl silicate (TEOS: 
chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this example, A tetramethylsilane (TMS: 
chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS), 
Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH(OC 2 H 5 ) 3 ), The same result is obtained 
even if it uses silicon containing compounds, such as a tris dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 

3>" 
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[0054] Drawing 15 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
the 7th example of this invention. In the device of this example, the ethyl silicate (it calls the following TEOS) gas 
used as a silicon raw material, Carry out flow regulation of the TEOS on a fluid supplied from the TEOS tank 
which is not expressed with this figure with the mass flow type liquid flow rate regulator 210, and it is made to 
evaporate thoroughly with the evaporator 222, and it is mixed with the nitrogen gas by which flow regulation was 
carried out by the flow regulator 21 1 , and is generated. Ozone content oxygen introduces into the silent discharge 
type ozone generator 221 the oxygen gas by which flow regulation was carried out by the flow regulator 209, 
makes 1 to 10% of ozone contain, and is generated. Hydrogen peroxide gas is generated by carrying out bubbling 
of the fluid hydrogen peroxide 220 in the homoiothermal container 219 with the helium by which flow regulation 
was carried out with the flow regulator 212. Although the concentration of hydrogen peroxide gas was adjusted at 
the temperature of the homoiothermal container 219, it was used in 10-20 ** at this example. Thus, the TEOS 
gas, ozone containing oxygen gas, and hydrogen peroxide gas which were generated are introduced into the 
manifold 244 from the TEOS feed port 224, the ozone feed port 223, and the hydrogen peroxide gas inlet 225. 
Within a manifold, it is mixed and these gases are diffused almost uniformly by hitting the gas diffusion board 227. 
If it hits the shower electrode 229, it will distribute still more uniformly and the surface of the substrate 243 will be 
sprayed. It is equipped on the SiC susceptor 231, optical heating is carried out from the heat lamp 233 through 
the quartz plate 232, and the substrate 243 is held at the temperature of about 200-450 **. The exhaust pipe 234 
is connected to the vacuum pump 236, and the pressure inside the reaction chamber 230 is held at 0.1 - tens Torr 
(s). The shower electrode 229 is electrically insulated with other portions with the insulating ring 228. 
The 13.56-MHz high frequency generated with RF oscillator 241 is impressed. 

**** control of the output of this RF oscillator 241 is carried out at the pulse generated with the pulse generator 
242. 

Periodically or intensity changes. 

[0055]The above devices are used in this example, The forming temperature of 350 **, forming pressure 10Torr, 
RF frequency of 13.56 MHz, RF power 100W, the pulse frequency of 1 Hz, D= 30% of duty ratio, TEOS flow 
50SCCM, oxygen (0 2 ) flow 1SLM, 5% of an ozone level, hydrogen peroxide. (H 2 0 2 ) The insulator layer was 
formed by the film formation condition of the flow 0 - 5SCCM. Drawing 17 shows the longitudinal plane shape on 
the aluminum wiring 251 of the insulator layer formed by the film formation condition of this example. According to 
this example, a figure shows that it not only embeds the space part in which an aspect ratio exceeds 1 .0, but flow 
shape is obtained and the insulator layer which has a smooth surface state is obtained. 
[0056]ln this example, although 13.56 MHz was used as frequency of a RF oscillator, if low frequency waves, 
such as 450 Hz, are added, a still better result will be obtained like Example 1 of this invention. In this example, 
although ON-OFF of RF power was performed using the pulse generator, even if it repeats the state where it does 
not glare [ an exposure and ] of plasma, the same result is obtained using a device like drawing 6 . Although the 
ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this example, A 
tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0057] Drawing 18 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
the 8th example of this invention. Octamethylcyclotetrasiloxane which serves as a silicon raw material in the 
device of this example (it calls the following OMCTS.) A chemical formula is Si 4 0 12 C 8 H 24 . Gas, Carry out flow 
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regulation of the liquid OMCTS supplied from the OMCTS tank which is not expressed with this figure with the 
mass flow type liquid flow rate regulator 255, and it is made to evaporate thoroughly with the evaporator 265, and 
it is mixed with the nitrogen gas by which flow regulation was carried out by the flow regulator 256, and is 
generated. Ozone content oxygen introduces into the silent discharge type ozone generator 264 the oxygen gas 
by which flow regulation was carried out by the flow regulator 254, makes 0.1 to 1 .0% of ozone contain, and is 
generated. Ammonia gas is supplied from HN 3 gas bomb which is not expressed with this figure, and flow 
regulation is carried out by flow control term 257. Thus, the OMCTS gas, ozone containing oxygen gas, and 
ammonia gas which were generated are introduced into the manifold 269 from the OMCTS feed port 267, the 
ozone feed port 268, and the NH 3 feed port 266. Within a manifold, it is mixed and these gases are diffused 
almost uniformly by hitting the gas diffusion board 271 . If it hits the shower electrode 273, it will distribute still 
more uniformly and the surface of the substrate 275 will be sprayed. It is equipped on the SiC susceptor 276, 
optical heating is carried out from the heat lamp 278 through the quartz plate 277, and the substrate 275 is held at 
the temperature of about 200-450 **. The exhaust pipe 279 is connected to the vacuum pump 281, and the 
pressure inside the reaction chamber 274 is held at 0.1 - the suitable value of tens Torr(s). The shower electrode 
273 is electrically insulated with other portions with the insulating ring 272. 
The 13.56-MHz high frequency generated by the RF generator 286 is impressed. 
The output of this RF oscillator 286 is controlled by the pulse generated with the pulse generator 287. 
Periodically or intensity changes. 

[0058]ln this example, using the above devices, the forming temperature of 300 **, forming pressure LOTorr, RF 
frequency of 13.56 MHz, RF power 300W, the pulse frequency of 0.2 Hz (pulse cycle 5 seconds), The insulator 
layer was formed by the film formation condition of D= 20% of duty ratio, OMCTS flow 50SCCM, oxygen (0 2 ) flow 
0.1 SLM, 1% of an ozone level, and ammonia (NH 3 ) flow 1.0SLM. 

[0059]The film growth rate of about 1200 A / min was obtained as a result, and step coverage was not less than 

90%. The presentation is SiON whose nitrogen content is 5 to 25%. 

It turned out that a film Nakamizu daily dose is also an insulator layer good at 1 % or less. 

[0060]The membrane formation mechanism of the insulator layer of this example is explained as follows. First, the 
heat CVD reaction of ozone and OMCTS is performed in the state of OFF of RF power. The Si0 2 film having 
contained quite many moisture is formed at this reaction. Next, if RF power is set to ON, ammonia plasma will 
occur. If the Si0 2 film formed by the heat CVD reaction is put to this ammonia plasma, a nitrogen ion will be 
poured in and it will be considered nitriding. The plasma-CVD reaction has also produced the time of ON of RF 
power simultaneously. 

Since Si, O, N, and H are contained in reactant gas, a SiON film is formed. 

In this example, DEPORETO of the plasma-CVD reaction to which DEPORETO of the heat CVD reaction of 
ozone and OMCTS turned ON about 1000 A / min, and RF power is 2000 A / min, Since the time of RF power 
OFF is 4 seconds, it means putting the Si0 2 film of about 125-A thickness to ammonia plasma. The artificer of 
this invention is checking nitriding [ the Si0 2 film of thickness of this level / ammonia plasma ] easily. 
And it is also checking that composition distribution and membraneous distribution hardly arise in a thickness 
direction by ON-OFF of RF power. 

[0061]ln this example, although 13.56 MHz was used as frequency of a RF oscillator, if low frequency waves, 
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such as 450 Hz, are added, a still better result will be obtained like Example 1 of this invention. In this example, 
although ON-OFF of RF power was performed using the pulse generator, even if it repeats the state where it does 
not glare [ an exposure and ] of plasma, the same result is obtained using a device like drawing 6 . Although 
octamethylcyclotetrasiloxane (OMCTS) was used as organic silane gas in this example, An ethyl silicate 
(TEOS:Si(OC 2 H 5 ) 4 ), A tetramethylsilane (TMS:Si(CH 3 ) 3 ), The same result is obtained even if it uses silicon 
containing compounds, such as tetramethyl cyclotetrasiloxane (TMCTS), hexamethyldisilazane (HMDS), and 
triethoxysilane (SiH(OC 2 H 5 ) 3 ). As organic silane gas, a tris dimethylamino silane (SiH(N(CH 3 ) 2 ) 3 ), a tris 
diethylamino silane (SiH(N(C 2 H 5 ) 2 ) 3 ), etc., Nitrogen content can be raised if the compound which has Si-N 
combination is used. Although ammonia (NH 3 ) was used in this example as gas made to generate the plasma 
which pours in nitrogen, the effect that the mixed gas of N 2 , N 2 , and H 2 is also the same is acquired. 
[0062] Drawing 19 is drawing of longitudinal section showing the outline of the plasma chemistry vapor phase 
growth system of the 9th example of this invention. 

[0063]Ammonia gas NH 3 by which flow regulation was carried out to the ion source cave 305 by the flow regulator 
288, Nitrogen gas N 2 by which flow regulation was carried out to laughter gas N 2 0 by which flow regulation was 
carried out by the flow regulator 289 by the flow regulator 290 is supplied, and the pressure is maintained at 
p=100mTorr. Microwave with a frequency of 2.45 GHz is supplied via the waveguide 299 and the transmission 
window 298 from the microwave power supply 300. By the 875 gauss magnetic field which the main 
electromagnet coil 303 makes, within the ion source cave 305, the electron cyclotron resonance (ECR) has 
happened and the high plasma of an ionization rate occurs. With the emission magnetic field and the auxiliary coil 
1 .304 of the main electromagnet 303, the oxygen ion, nitrogen ion, and hydrogen ion which are generated here 
are pulled out to the reaction chamber 309, pass through the crevice between the grids 307, and it is irradiated 
with them to the substrate 310. The grid 307 rebounds ion with the voltage to impress, or is carrying out the duty 
of the shutter which makes it pass. 

[0064]The TDEAS gas used as a silicon raw material the TDEAS gas which evaporated from TDEAS(fluid)318 
kept warm in the homoiothermal container 317 kept at 80 **, Flow regulation is carried out by the flow regulator 
292, and it is mixed with the nitrogen gas by which flow regulation was carried out by the flow regulator 291, and 
is introduced from the source gas feed port 308 to a reaction chamber, and a substrate face is sprayed. Here, 
piping and the source gas feed port 308 which are connected with the source gas feed port 308 from the 
homoiothermal container 317 containing TDEAS318 are maintained at the constant temperature of not less than 
80 **. It is equipped with the substrate 310 on the susceptor 312, and it is heated by 300 ** with the heater 315. 
The pressure of the reaction chamber is maintained at about 1 mTorr by the vacuum pump 316. 
[0065]ln the plasma CVD device of this example, first, the microwave power supply 300 is operated, an 875 
gauss magnetic field is generated with a main electromagnet coil, ECR resonance is produced and the plasma 
which consists of nitrogen gas, ammonia gas, and laughter gas in the ion source cave 305 is generated. It is 
suitable, and it comes out, and is made the small value, and the exposure of plasma makes the current sent 
through the auxiliary coils 1 and 304 and the auxiliary coils 2 and 31 1 the grade which generates the magnetic 
field which faces to a substrate from an ion source and which becomes uniform. The ion electrified in positive [, 
such as oxygen ion 0 + / which impresses positive voltage to the grid 307 and exists in plasma /, nitrogen ion N + , 
and hydrogen ion H + , ] recoils by a positive electric field, and the substrate 310 is kept from being irradiated. In 
this state, only neutral active species (radical) and molecule which were generated in the plasma in the ion source 
cave 305 are supplied to the substrate 310 surface. Here, if TDEAS gas is supplied, the thermal reaction 
activated with neutral active species (radical) will occur, and a SiON film with sufficient step coverage will be 
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formed. In this example, about 10 nm of SiON films by this thermal reaction were formed. Next, voltage impressed 
to the grid 307 is made into zero or a negative small value, and it is made for the just electrified ion to be 
irradiated by the surface of the substrate 310. Then, by receiving an ion bombardment, the moisture and carbon 
in a film **** and the SiON film formed by thermal reaction turns into a plasma-CVD film and a good SiON film of 
membraneous quality which has equivalent membraneous quality. In a substrate face, the plasma chemical 
reaction has also occurred and plasma CVD and a SiON film are also formed simultaneously. Then, the number 
of ion which will be irradiated with it by the substrate 310 if the voltage impressed to the grid 307 is changed with 
the cycle of 1 to about 10 seconds will change periodically, and formation of heat CVD and the SiON film by 
thermal reaction and refining to plasma CVD and a SiON film will be performed by turns. As a result, plasma CVD 
and a SiON film excellent in step coverage and a level difference embedding positive are formed. Since the 
reaction chamber pressure is especially set to about 1 mTorr by this example, the embedding of the big slot on 
the aspect ratio is also possible. 

[0066]Although the recoil electric field by impressing positive voltage to the grid 307 was used in the above- 
mentioned example as a means to change the ion irradiated by the substrate 310, The mirror type magnetic field 
by the auxiliary coils 1 and 304, the cusp type magnetic field formed with the auxiliary coils 2 and 31 1 , and the 
recoil electric field formed in the susceptor 312 by impressing positive voltage from the bias application power 
supply 313 may be used. Although not shown in drawing 19 , the same result is obtained even if it uses a 
mechanical shutter. However, when it is made structure which bars radical diffusion using a mechanical shutter 
etc., it cannot be overemphasized that it is better to supply a radical near the substrate using a radical generator, 
to promote thermochemistry vapor phase epitaxy, and to have promoted growth of the heat CVD film. 
[0067]ln the above-mentioned example, although the electron cyclotron resonance type (ECR) ion source was 
used as an ion source, if the intensity of ion can be changed, it will not be based on the form but the same result 
will be obtained. 

[0068]Although the tris diethylamino silane (TDEAS: chemical formula SiH(N(C 2 H 5 ) 2 ) 3 ) was used as organic 
silane gas in this example, An ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ), A tetramethylsilane (TMS: 
chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS), 
Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH(OC 2 H 5 ) 3 ), The same result is obtained 
even if it uses silicon containing compounds, such as a tris dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 

3>" 

[0069]The same result is obtained also when hydrides and organic compounds, such as nitrogen compounds, 
such as silicon inorganic compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to 
mix into reactant gas. Although ammonia (NH 3 ) was used as gas made to generate plasma in this example, the 
effect that the mixed gas of N 2 , N 2 , and H 2 is also the same is acquired. 
[0070] 

[Effect of the lnvention]As explained above, the chemical-vapor-deposition method of this invention, The ozone 
which has the outstanding step coverage while changing the plasma irradiation intensity to a substrate face 
periodically, and formation of the heat CVD film of TEOS, In order to repeat refining to membraneous quality 
equivalent to the plasma-CVD film of the heat CVD film, and formation of plasma TEOS and a CVD film and to 
perform them, It has such excellent step coverage, and a film Nakamizu daily dose and the stress in a film are 
small, and it is effective in formation of the plasma-CVD film which has good membraneous quality being attained 
that it is detailed and it is possible to embed the large slot on the aspect ratio. Since the chemical-vapor- 
deposition method of this invention contains addition gas other than organic Silang and ozone, such as hydrogen 
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peroxide, as material gas, formation of the insulator layer which was excellent in embedding nature and flow 
nature is attained. 

[0071]the mechanism in which the chemical vapor deposition apparatus of this invention supplies organic Silang, 
the mechanism which supplies oxygen or ozone content oxygen, and the mechanism to which plasma generation 
intensity is changed periodically - or, several plasma irradiation mechanisms which differ in the plasma strength 
provided in one reaction vessel, and the mechanism to which a substrate is moved among two or more of these 
plasma irradiation mechanisms - or, Since it has a mechanical or electromagnetic shutter for changing plasma 
irradiation intensity periodically, the plasma chemistry vapor phase growth of this invention is effectively 
realizable. The chemical vapor deposition apparatus of this invention has hydrogen peroxide, hydrogen, water, 
hydrocarbon, alcohol, a carbonyl compound, and a mechanism that makes a gaseous state at least one kind in 
carboxylic acid, and supplies it. 

The chemical-vapor-deposition method of this invention is effectively realizable. 

[0072]. [ whether the chemical-vapor-deposition method given in this invention for which addition gas, such as 
organic Silang, oxygen, or ozone, hydrogen peroxide, is used as a raw material is used for the manufacturing 
method of the multilevel interconnection of this invention, and ] . Or make organic Silang, oxygen, or ozone into 
material gas, and change the plasma irradiation intensity to a substrate face periodically. Since the process at 
which only the thickness more than the height of metallic wiring forms an insulator layer without generating of ** 
(void) between metallic wiring is included using plasma chemistry vapor phase growth given in this invention, 
Compared with the manufacturing method of the conventional multilevel interconnection using a silica coating 
film, the moisture content in an interlayer film decreases substantially, and improvement in crack resistant 
improvement, low-pass [ of a stress migration ], and the flow characteristic of a through hole, etc. are achieved. 
Since the routing counter of the manufacturing method of the multilevel interconnection of this invention is 
decreasing remarkably compared with the conventional method, its yield improves and it is effective in cost being 
reduced. 
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TECHNICAL FIELD 



[Industrial Application]This invention relates to the manufacturing method of a chemical-vapor-deposition method, 
a chemical vapor deposition apparatus, and multilevel interconnection. 
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PRIOR ART 



[Description of the Prior Art]The conventional plasma chemistry vapor phase growth formed the desired thin film 
on the processed board, using TEOS and oxygen for reactant gas, impressing the high-frequency power of a 
fixed output between the counterelectrodes in a reaction vessel, and generating the plasma of constant intensity. 
[0003]The schematic diagram of the conventional plasma vapor phase growth system is shown in drawing 9 . 
[0004]The TEOS (tetraethyl orthosilicate) gas used as a silicon raw material carries out bubbling of the liquid 
TEOS131 put into the bubbler 132 by helium (helium) gas by which flow regulation was carried out by the flow 
regulator 123, evaporates TEOS, and is generated. Ozone content oxygen passes the ozone generator 165 for 
the oxygen gas by which flow regulation was carried out by the flow regulator 120, makes ozone of about 10% of 
concentration contain, and is generated. TEOS gas and ozone containing oxygen gas are introduced into the 
manifold 136 from the TEOS feed port 138, and oxygen and an ozone feed port 139, It is mixed within the 
manifold 136, and it hits the gas diffusion board 140, is spread, and distributes still more uniformly through the 
shower electrode 142, and the surface of the substrate 147 is sprayed. It is equipped on the SiC susceptor 144, 
optical heating is carried out from the heat lamp 146 through the quartz plate 145, and the substrate 147 is held at 
the temperature of about 350 **. The shower electrode 142 is electrically insulated with other portions with the 
insulating ring 141. 

The high frequency voltage of two frequency generated with 13.56-MHz RF generator 129 and the high-pass filter 
130, 450-kHz RF generator 1 33, and the low pass filter 134 is impressed via the matching box 135. 
The exhaust pipe 148 is connected to the vacuum pump 149, and the pressure of the reaction chamber 143 is 
held at the number Torr. 

[0005]Usually, in the above devices, after spraying TEOS gas and the mixed gas of oxygen on the substrate 147 
from the shower electrode 142 and checking the stability of a pressure etc. first, impress fixed high frequency 
voltage to the shower electrode 142, TEOS and oxygen are made to decompose, and a desired film is formed on 
the substrate 147. 

[0006]ln such a simple method, it turns out that the step coverage nature (step coverage) to the ground stepped 
surface of the formed film is bad (about 50%), and to perform plasma chemistry vapor phase growth, and ozone 
and the thermochemistry vapor phase growth of TEOS by turns is tried. When performing such a method to 
drawing 10 , the change to the membrane formation time of the high-frequency power impressed to the shower 
electrode 142, the number of oxygen ion in plasma, and the ozone level in material gas is shown. Plasma 
chemistry vapor phase epitaxy is performed, and the period when high-frequency power is impressed is 
performing ozone thermochemistry vapor phase epitaxy, although the number of oxygen ion shows the maximum. 
As for the period of zero, also in the number of oxygen ion, high-frequency power is zero. 
After making high-frequency power into zero, in order to begin to pass ozone, fixed time is required by the time an 
ozone level rises. As mentioned above, when plasma chemistry vapor phase growth and ozone thermochemistry 
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vapor phase growth are performed by turns, it is shown in drawing 11 (a) - (d) how a film is formed. On the 
aluminum wiring 153 formed on the substratum substrate, first, as shown in (b), the plasma CDV film 154 is 
formed. Next, as shown in (c), in order to embed the narrow space between aluminum wiring, 1st heat CVD film 
155 is formed. As shown in (d), the 2nd plasma-CVD film 156 is formed. Such a process is repeated, film 
formation is performed to desired thickness, and the film of multilayer structure is formed like drawing 1 1 (d). It is 
important that ozone heat CVD film 155 remains in the form as it is by such a method especially. Because, if the 
film formation condition of ozone heat CVD film 155 is not proper, many moisture remains in a film, The problem 
that a steam blows off from the interlayer connection hole of aluminum wiring, exfoliation of an interlayer film 
arises with a steam, or the faulty connection (a poor through hole) in the interlayer connection hole of aluminum 
wiring occurs arises. It is known to these problems that it is effective to form ozone heat CVD film 155 on high 
ozone level conditions. However, under such high ozone level conditions, it is also known that the step coverage 
of ozone heat CVD film 155 on the 1st plasma-CVD film 154 will deteriorate. This is considered that the 
membraneous quality of the 1 st plasma-CVD film 1 54 happens since it differs on the upper surface and the side 
of the aluminum wiring 153. 

[0007] Drawing 12 shows the formation method of the flattening insulator layer for multilevel interconnection which 
used conventional plasma chemistry vapor phase growth and the silica applying method. First, as shown in 
drawing 12 (a) and (b), only the thickness which is a grade where ** (void) is not made to the space between 
wiring forms the plasma-CVD film 159 on the aluminum wiring 158 formed on the substrate 157. Next, silica 
coating liquid is applied like drawing 12 (c), heat treatment of around 300 ** for 100 ** heat treatment for solvent 
evaporation and a membraneous improvement is performed, and the silica coating film (1-time spreading) 160 is 
formed. The way things stand, since surface smoothness is insufficient, the process of silica spreading and heat 
treatment which were performed by drawing 12 (c) is repeated twice or more like drawing 12 (d), and the silica 
coating film (multiple-times spreading) 161 is formed. Etchback is carried out using the usual reactive-ion-etching 
method (RIE). Since an oxygen atom will be supplied from an oxide film if the plasma-CVD oxide film on 
aluminum wiring is exposed at this time, The etching rate of a silica coating film becomes large, and, as for the 
silica coating film 162 behind etchback, cratering the space part between aluminum wiring level differences is 
known like drawing 12 (e). Finally, again, the plasma-CVD film 163 is formed and an interlayer film is completed. 
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EFFECT OF THE INVENTION 



[Effect of the lnvention]As explained above, the chemical-vapor-deposition method of this invention, The ozone 
which has the outstanding step coverage while changing the plasma irradiation intensity to a substrate face 
periodically, and formation of the heat CVD film of TEOS, In order to repeat refining to membraneous quality 
equivalent to the plasma-CVD film of the heat CVD film, and formation of plasma TEOS and a CVD film and to 
perform them, It has such excellent step coverage, and a film Nakamizu daily dose and the stress in a film are 
small, and it is effective in formation of the plasma-CVD film which has good membraneous quality being attained 
that it is detailed and it is possible to embed the large slot on the aspect ratio. Since the chemical-vapor- 
deposition method of this invention contains addition gas other than organic Silang and ozone, such as hydrogen 
peroxide, as material gas, formation of the insulator layer which was excellent in embedding nature and flow 
nature is attained. 

[0071]the mechanism in which the chemical vapor deposition apparatus of this invention supplies organic Silang, 
the mechanism which supplies oxygen or ozone content oxygen, and the mechanism to which plasma generation 
intensity is changed periodically - or, several plasma irradiation mechanisms which differ in the plasma strength 
provided in one reaction vessel, and the mechanism to which a substrate is moved among two or more of these 
plasma irradiation mechanisms - or, Since it has a mechanical or electromagnetic shutter for changing plasma 
irradiation intensity periodically, the plasma chemistry vapor phase growth of this invention is effectively 
realizable. The chemical vapor deposition apparatus of this invention has hydrogen peroxide, hydrogen, water, 
hydrocarbon, alcohol, a carbonyl compound, and a mechanism that makes a gaseous state at least one kind in 
carboxylic acid, and supplies it. 

The chemical-vapor-deposition method of this invention is effectively realizable. 

[0072]. [whether the chemical-vapor-deposition method given in this invention for which addition gas, such as 
organic Silang, oxygen, or ozone, hydrogen peroxide, is used as a raw material is used for the manufacturing 
method of the multilevel interconnection of this invention, and ] . Or make organic Silang, oxygen, or ozone into 
material gas, and change the plasma irradiation intensity to a substrate face periodically. Since the process at 
which only the thickness more than the height of metallic wiring forms an insulator layer without generating of ** 
(void) between metallic wiring is included using plasma chemistry vapor phase growth given in this invention, 
Compared with the manufacturing method of the conventional multilevel interconnection using a silica coating 
film, the moisture content in an interlayer film decreases substantially, and improvement in crack resistant 
improvement, low-pass [ of a stress migration ], and the flow characteristic of a through hole, etc. are achieved. 
Since the routing counter of the manufacturing method of the multilevel interconnection of this invention is 
decreasing remarkably compared with the conventional method, its yield improves and it is effective in cost being 
reduced. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the lnvention]The above-mentioned conventional plasma chemistry vapor phase 
growth had bad step coverage nature (step coverage), and was not able to lay the submicron space between 
aluminum wiring underground. In order to lay the submicron space between aluminum wiring underground, it is 
necessary to perform plasma chemistry vapor phase growth, and ozone and the thermochemistry vapor phase 
growth of TEOS by turns, or to form a silica coating film like drawing 12 like drawing 11 , many times. However, 
the ozone TEOS heat CVD film formed under decompression of about 10 Torr and the silica coating film had 
much moisture contained in a film, there was a problem in opportunity intensity, an insulating property, etc., and 
there was a fault that the faulty connection of the through hole which connects lower layer aluminum wiring and 
the upper aluminum wiring especially arose. When membranes were formed on high ozone level conditions, the 
amount of film Nakamizu decreased, but step coverage deteriorated and there was fault where perfect embedding 
becomes impossible. In the method of carrying out etchback of a silica coating film like drawing 12 further again, 
the process of forming a silica coating film, and the process which carries out etchback were dramatically 
complicated, and the increase in a routing counter and the fault of causing yield lowering also had it. 
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MEANS 



[Means for Solving the Problem]A chemical-vapor-deposition method of this invention contains organic Silang, 
and oxygen or ozone as material gas, Furthermore, at least one kind in hydrogen peroxide (H 2 0 2 ), hydrogen 
(H 2 ), water (H 2 0), hydrocarbon, alcohol, a carbonyl compound, and carboxylic acid is included. Plasma chemistry 
vapor phase growth of this invention forms a desired film, changing plasma irradiation intensity to a substrate face 
periodically including organic Silang, oxygen, or ozone content oxygen to at least a part of material gas. Under the 
present circumstances, repeat and perform a generation state and a non-generation state of plasma as a means 
to change plasma irradiation intensity, or. It repeats an exposure of plasma to a substrate face, and un-glaring, or 
high frequency voltage of two or more sorts of frequency is impressed to an electrode in a reaction vessel which 
counters, and high-frequency power of some or all of them is changed periodically. 
[001 0]A chemical vapor deposition apparatus of this invention is provided with the following. 
A mechanism which supplies organic Silang. 
A mechanism which supplies ozone content oxygen. 

Hydrogen peroxide, hydrogen, water, hydrocarbon, alcohol, a carbonyl compound, a mechanism that makes a 

gaseous state at least one kind in carboxylic acid, and supplies it. 

A chemical vapor deposition apparatus of this invention is provided with the following. 

A mechanism which supplies organic Silang. 

A mechanism which supplies oxygen or ozone content oxygen. 

A mechanism to which plasma generation intensity is changed periodically, or several plasma irradiation 
mechanisms from which plasma strength provided in one reaction vessel differs. 

A mechanism to which a substrate is moved among two or more of these plasma irradiation mechanisms. 

A chemical vapor deposition apparatus of this invention is provided with the following. 

A mechanism which supplies organic Silang and ozone content oxygen to a wafer surface. 

Oxygen plasma ion sources. 

A mechanical or electromagnetic shutter for changing plasma irradiation intensity periodically. 
A chemical vapor deposition apparatus of this invention impresses high frequency voltage of two or more sorts of 
frequency to an electrode in a reaction vessel which counters, and has a mechanism to which high-frequency 
power of some or all of them is changed periodically. 

[001 1]A manufacturing method of multilevel interconnection of this invention to material gas Organic Silang, 
Including ozone or oxygen, further by a chemical-vapor-deposition method of hydrogen peroxide, hydrogen, 
water, hydrocarbon, alcohol, a carbonyl compound, and the carboxylic acid which adds one at least. A process at 
which only thickness more than height of metallic wiring forms an insulator layer on metallic wiring, a process of 
forming flattening films, such as a resist film and organic silica membrane, and a process which carries out 
etchback by a reactive-ion-etching method are included. A process at which a manufacturing method of multilevel 
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interconnection of this invention makes organic Silang, ozone, or oxygen material gas, plasma irradiation intensity 
to a substrate face is changed periodically, and only thickness more than height of metallic wiring forms an 
insulator layer on metallic wiring, A process of forming flattening films, such as a resist film and organic silica 
membrane, and a process which carries out etchback by a reactive-ion-etching method are included. 
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[Example]Next, this invention is explained with reference to drawings. 

[0013] Drawing 1 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system 
showing the 1st example of this invention. 

Drawing 2 expresses operation of a plasma chemistry vapor-phase-epitaxy difference of drawing 1 about the 
temporal change of impression high-frequency power, the number of oxygen ion, and an ozone level, and drawing 
3, Are the outline of the principle of this invention a model figure which expresses, and drawing 4 , the time of 
being drawing of longitudinal section showing the growth process of the time progress and the film at the time of 
performing operation like drawing 2 , and drawing 5 performing operation like drawing 2 - high frequency ON time 
(t QN ) - the relation of a film growth rate, step coverage, and the absorption index of an OH radical is shown 
comparatively (duty D). 

r00141 Drawing 1 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
Example 1 of this invention. In the device of this example, the ethyl silicate (it calls the following TEOS) gas used 
as a silicon raw material, Carry out flow regulation of the liquid TEOS supplied from the TEOS tank which is not 
expressed with this figure with the mass flow type liquid flow rate regulator 3, and it is made to evaporate 
thoroughly by evaporation term 12, and it is mixed with the helium by which flow regulation was carried out by the 
flow regulator 4, and is generated. Ozone content oxygen introduces into the silent discharge type ozone 
generator 1 1 the oxygen by which flow regulation was carried out by the flow regulator 2, makes 1 to 10% of 
ozone contain, and is generated. Thus, the TEOS gas and ozone containing oxygen gas which were generated 
are introduced into the manifold 15 from the TEOS feed port 14 and the ozone feed port 13. Within a manifold, it 
is mixed and these gases are diffused almost uniformly by hitting the gas diffusion board 17. If it hits the shower 
electrode 19, it will distribute still more uniformly and the surface of the substrate 28 will be sprayed. It is equipped 
on the SiC susceptor 21 , optical heating is carried out from the heat lamp 23 through the quartz plate 22, and the 
substrate 28 is held at the temperature of about 200-450 **. The shower electrode 19 is electrically insulated with 
other portions with the insulating ring 18. 

The high frequency voltage of two frequency generated with the source 36 and the low pass filter 35 is impressed 
via the matching box 37 by 13.56-MHz RF generator 39 and the high-pass filter 38, and 450-kHz high frequency. 
The exhaust pipe 24 is connected to the vacuum pump 26, and the pressure of the reaction chamber 20 is held at 
0.1 - tens Torr(s). 

[0015]The mixer part which mixes the high frequency voltage of two frequency inside the matching box 37 
connected to the shower electrode 19 in this example, There are a matching part which performs an impedance 
match, a dummy load, and a solid state switch, and the high frequency voltage impressed to the shower electrode 
19 can be turned now on and off. It is also possible to change the output of RF generators 35 and 36 and to 
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change the high frequency voltage impressed to the shower electrode 19 synchronizing with PASURU which the 
pulse generator 40 generates. These operations are controlled by the process controller 41 including substrate 
temperature, a reaction chamber pressure, etc. Transfer ways, such as these control signals, pulses, etc., are 
shown by the dashed line in drawing 1 . 

[001 6]Here, operation of this device at the time of turning on and off the high frequency voltage impressed to the 
shower electrode 19 in periodic 1 second is explained using drawing 2 , drawing 3 , drawing 4 , and drawing 5 . 
[0017]The drawing 2 ****** shows the relation between membrane formation time and high-frequency power. 
Plasma occurs between the shower electrode 19, the substrate 28, or the SiC susceptor 21 between time t QN 
from which high-frequency power is turned on, and oxygen or ozone decomposes and it is generated by oxygen 
ion. The drawing 2 middle expresses change of the number of oxygen ion. Since it begins to impress high- 
frequency power, by the time the plasma state is stabilized, a certain fixed time will be required and will have 
become a waveform with sloping shoulders. Since ozone is more unstable than oxygen, the ionization efficiency 
by impression of high-frequency power is high. Therefore, like the drawing 2 upper row, the number of ozone 
molecules in plasma falls considerably, when high-frequency power is one. 

[0018jDrawing 3 (a) and (b) is a model figure showing the situation near [ at the time of high frequency one and 
OFF ] the substrate face, respectively. Plasma occurs between the shower electrode 19 of drawing 1 , and the 
substrate 28 at the time of high frequency ion. In plasma, an oxygen molecule and a TEOS molecule dissociate in 
the electron 45, the oxygen ion 47, the TEOS dissociation molecule 46, and oxygen radical 55 grade. Sheath 
voltage occurs between plasma and a substrate, it is accelerated with this voltage, and the drift of the oxygen ion 
47 is carried out, and it collides with a substrate face. The TEOS dissociation molecule 46 is also diffused toward 
a substrate face, and it becomes the film formation precursor 50 by a pyrolysis or decomposition by an oxygen ion 
shock in a formation membrane surface. It reacts to an oxygen radical etc. in a formation membrane surface, and 
the formation film 51 is formed. Under the present circumstances, since very many oxygen ion shocks are shown 
in the surface of the formation film 51 , the life of the film formation precursor 50 is quite short, and the density in a 
formation membrane surface is low. An oxygen ion shock has the operation which stiffens the formation film 51 , 
and membraneous quality is good and is useful for formation of the film of compression stress. 
[001 9]Now, once high frequency is come by off (refer to drawing 3 (b)), an electron and the number of oxygen ion 
will decrease promptly, but the TEOS dissociation molecule 46 and the oxygen radical 55 remain still more. These 
are diffused on the surface of the formation film 51 , serve as the film formation precursor 50, and decrease soon. 
It is spread toward a membrane surface, and the TEOS molecule 54 and the ozone molecule 56 also react, and 
serve as a TEOS dissociation molecule and a film formation precursor. In the surface of the formation film 51, 
since a film formation reaction is only thermal reaction, a film formation precursor exists in a formation membrane 
surface by high density, and the film formation precursor pseudo-liquid layer 59 is formed in it. The thickness of 
the side lower part of the level difference currently formed in the substrate 52 becomes thick, and this film 
formation precursor pseudo-liquid layer 59 eases inclination on the level difference side in order to show the 
character of a fluid. 

p00201 Drawing 4 is drawing of longitudinal section showing time progress when high-frequency power is 
impressed like drawi ng 2, and the situation of film formation in model. First, like drawing 4 (a), high frequency is 
turned on between time t QN ( drawing 2 0.5 second), and 1st about 10-nm plasma-CVD film 60 is formed. Next, 
1st heat CVD film 62 is formed between time t QFF (0.5 second) like drawing 4 (b). Time t QFF is dramatically as 
short as 0.5 second, and the thickness of 1st heat CVD film 62 is about 1 nm. Therefore, refining will be carried 
out with an oxygen ion shock etc. in early stages of the next t QN , and it will be membraneous quality equivalent to 
a plasma-CVD film. Therefore, like drawing 4 (c), the 1st plasma-CVD film 60 and distinction stop attaching 1st 
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heat CVD film 62 by which refining was carried out, and it will be incorporated into the 1st plasma-CVD film 60. 
Since a heat CVD film is an effect of a film formation precursor pseudo-liquid layer, the angle of the narrow space 
between wiring or the level difference lower part can be embedded and shape can be made smooth, It means 
forming the formation film 64 before the 2nd plasma-CVD film growth of membraneous quality equivalent to 
plasma CVD in shape equivalent to the heat CVD by the continuing plasma irradiation in early stages of plasma- 
CVD film growth. Since the level difference lower part has roundish shape with the formation film 64 before the 
2nd plasma-CVD film growth, the shape of the 2nd plasma-CVD film 63 formed on this is also roundish like 
drawing 4 (c). In order that distinction may not attach the formation film 64 before the 2nd plasma-CVD film 
growth, and the 2nd plasma-CVD film 63, either, in the growth step (d) of 2nd continuing heat CVD film 65, a 
lower layer film turns into the formation film 66 after the 2nd plasma-CVD film growth. 
[0021]By repeating the above stages many times, like drawing 4 (e), there is no ** (void) in the space part 
between the aluminum wiring 61 , and the formation film of good membraneous quality almost equivalent to a 
plasma-CVD film can be embedded. 

[0022] Drawing 5 shows the relation between the value of duty ratio D ( D=t 0 N / ( t ON +t OFF) x10 ° calculated 
from t QN and t 0FF in drawing 2 , and the absorption index of the OH radical in a growth rate, step coverage, and a 
film. The drawing 5 bottom shows that a growth rate increases, so that D is large, and it turns out that step 
coverage will begin to get worse if D exceeds 50%, and discontinuation shows becoming small enough, if, as for 
an OH radical, D exceeds 40% from the upper row. Although step coverage and a film Nakamizu daily dose (OH 
radical absorption index in a film) tend to conflict from drawing 4 , by setting a duty ratio D value as the suitable 
range (it is 40 to 60% in the case of this example) shows that both can be prevented from spoiling. 
[0023]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), The same result is obtained even if it uses silicon containing compounds, 
such as hexamethyldisilazane (HMDS), triethoxysilane (SiH(OC 2 H 5 ) 3 ), and a tris dimethylamino silane (SiH(N 

(CH 3 ) 2 ) 3 ). 

[0024]Since the life of an oxygen radical or a TEOS dissociation molecule is quite long even if ozone in reactant 
gas does not exist, the same result will be obtained if the value of duty ratio is chosen suitably. The same result is 
obtained also when hydrides and organic compounds, such as nitrogen compounds, such as silicon inorganic 
compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to mix into reactant gas. 
[0025]Although only the high-frequency power impressed to the shower electrode 19 was changed by this 
example further again, if high-frequency power, a reaction chamber pressure, substrate temperature, a gas mass 
flow, etc. are changed synchronizing with the pulse which the pulse generator 40 generates, better step coverage 
nature will be obtained. 

[0026] Drawing 6 (a) is an outline top view of the reaction chamber of the plasma chemistry vapor phase growth 
system of the 2nd example of this invention. 

Drawing 6 (b) is drawing of longitudinal section which met the A-A' line of drawing 6 (a). 
Drawing 6 (a) expresses the top view which met the B-B' line of drawing 6 (b). 

[0027]The reaction chamber 72 is divided into the field of six fanning, and fanning of the direction of 3:00 of a 
clock has become the heat CVD field 70. 

Clockwise, it is arranged a plasma-CVD field, a heat CVD field, the plasma-CVD field 166, and by turns. 

It is equipped with the substrate 69 on the susceptor 71 which rotates the axis of rotation 79 as an axis, and it 

passes through a heat CVD field and a plasma-CVD field by turns. 

[0028]After TEOS gas and ozone content oxygen are introduced into the heat CVD field 70 and it distributes 
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uniformly with the gas distribution plate 83 and the shower injector 81 from the TEOS feed port 73 and the ozone 
feed port 75, the surface of the substrate 69 is supplied to it. Since the substrate 69 is heated by about 350 ** with 
the heater 80 installed in the back side of the susceptor71, the heat CVD film by ozone and TEOS grows on a 
substrate. 

[0029]TEOS gas and oxygen gas are introduced into the plasma-CVD field 166 from the TEOS feed port 73 and 
the oxygen feed port 74, it is uniformly distributed by gas distribution plate 83' and the shower electrode 78, and 
the surface of substrate 69' is supplied. The shower electrode 78 is electrically insulated from other portions of the 
reaction chamber by the insulating ring 82 and the insulator 76. 

The high frequency voltage of 13.56 MHz or 450 kHz is impressed from RF introduction terminal 77. 
Between the shower electrode 78, substrate 69', or the susceptor 71 , plasma is excited by impression of such 
high frequency voltage, and a plasma-CVD film is formed. 

[0030]As mentioned above, in order that the substrate 69 may pass through a plasma-CVD field and a heat CVD 
field by turns with the rotating susceptor 71, a plasma-CVD film and a heat CVD film are formed by turns. Under 
the present circumstances, if revolving speed of the susceptor 71 is made into a per minute 10 rotation grade, the 
thickness of the heat CVD film formed in the heat CVD field 70 is set to about 2 nm, plasma irradiation will be 
carried out in early stages of membrane formation of a ****** plasma-CVD field, and membraneous quality will 
become being the same as that of a plasma-CVD film. Thus, as drawing 4 described, membraneous quality is the 
same as that of a plasma-CVD film, and the CVD film excellent in step coverage and level difference embedding 
nature is formed. 

[0031]Although the reaction chamber was divided into six fields, this example will be available for it without limit, if 
this is two or more. Although the kind of film forming zone was made into two kinds, a heat CVD field and a 
plasma-CVD field, two or more sorts may be provided with the frequency and applied power of high frequency 
which impress a plasma-CVD field. 

[0032]Although the susceptor 71 was made into the shape of a plane turntable and the shower injector and the 
shower electrode were provided up in this example, a susceptor is made into a cylinder or the shape of a multiple 
pillar, the lateral surface is equipped with a substrate, and the same result is obtained, even if it counters with a 
substrate and provides a shower electrode etc. 

[0033]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0034]Since the life of an oxygen radical or a TEOS dissociation molecule is quite long even if ozone does not 
exist in reactant gas, the same result will be obtained if the value of duty ratio is chosen suitably. The same result 
is obtained also when hydrides and organic compounds, such as nitrogen compounds, such as silicon inorganic 
compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to mix into reactant gas. 
[00351 Drawing 7 is a gross section figure showing the outline of the plasma chemistry vapor phase growth system 
of the 3rd example of this invention. 

[0036]The argon gas Ar by which flow regulation was carried out to oxygen gas 0 2 by which flow regulation was 
carried out to the ion source cave 93 by the flow regulator 103 by the flow regulator 87 is supplied, and the 
pressure is maintained at p=1mTorr. Microwave with a frequency of 2.54 GHz is supplied via the waveguide 85 
and the transmission window 86 from the microwave power supply 84. By the 875 gauss magnetic field which the 
main electromagnet coil 94 makes, within the ion source cave 93, the electron cyclotron resonance (ECR) has 
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happened and the high oxygen plasma of an ionization rate occurs. With the emission magnetic field and the 
auxiliary coil 96 of the main electromagnet coil 94, oxygen ion is pulled out to the reaction chamber 95, and it is 
irradiated with it to the substrate 106. The TEOS gas used as a silicon raw material carries out flow regulation of 
the TEOS gas which evaporated from TEOS1 1 1 kept warm in the homoiothermal container 112 kept at 80 ** by 
the flow regulator 1 1 3, and is introduced from the TEOS feed port 107 to a reaction chamber. The oxygen gas by 
which flow regulation was carried out with the flow regulator 101 passes the ozone generator 98, becomes ozone 
content oxygen, and is supplied from the ozone feed port 97. It is equipped with the substrate 106 on the 
susceptor 1 09, and it is heated by 300 ** with the heater 1 1 0. Flow regulation of the pressure of a reaction 
chamber is carried out by the flow regulator 88, and it is maintained at about 1 mTorr by the argon gas for dilution 
and the vacuum pump 105 which are supplied from the Ar feed port 108. 

[0037]ln the plasma CVD device of this example, oxygen plasma is first generated in the ion source cave 93. It is 
suitable, and it comes out, and is made the small value, and the exposure of oxygen plasma makes the auxiliary 
coil 96 and the current sent through 96' the grade which generates the magnetic field which faces to a substrate 
from an ion source and which becomes uniform. The magnetic field which faces to a substrate is generated, and it 
is suitable, and comes out from an ion source, and the current sent through reflective magnetic coil 102,102' is 
also made into the small value. If the substrate 1 06 surface is made to irradiate with oxygen ion and TEOS gas is 
supplied in this state, ECR plasma vapor phase epitaxy will happen and the good plasma-CVD film of 
membraneous quality will be formed. About 10 nm is formed. Next, the value of the current sent through the 
auxiliary coil 96 and 96' is strengthened, a mirror type magnetic field is formed near an ion source cavernous exit, 
and it is made for the electron and ion which flow out of plasma by the main electromagnet coil 94 and the 
emission magnetic field of 94' to rebound. Then, on the substrate 106, only neutral particles diffused from TEOS 
gas and an ion source, such as an oxygen radical and an oxygen molecule, are supplied, only a heat CVD 
reaction occurs, and good membrane formation of step coverage is performed. Then, if the auxiliary coil 96 and 
the current sent through 96' are changed with the cycle of 1 to about 10 seconds, The number of oxygen ion 
irradiated by the substrate 106 changes periodically, a plasma-CVD film and a heat CVD film are formed by turns, 
further, refining to the plasma-CVD film of a heat CVD film is also performed, and the plasma CVD excellent in 
step coverage and level difference embedding nature is formed like drawing 4. Since the reaction chamber 
pressure is especially set to about 1 mTorr by this example, a winning popularity lump of the big slot on the 
aspect ratio also becomes possible. 

[0038]Although the mirror type magnetic field formed with the auxiliary coil 94 was used in the above-mentioned 
example as a means to change the oxygen ion irradiated by the substrate 106, The cusp type magnetic field 
formed of reflective magnet 102,102' and the recoil electric field formed in the susceptor 109 by impressing 
positive voltage may be used. Although not shown in drawing 7, the same result is obtained even if it uses an 
opportunity shutter. However, when it is made structure which bars diffusion of an oxygen radical using a 
mechanical shutter etc., it cannot be overemphasized that it is better to operate the ozone generator 98, to supply 
ozone near the substrate, to promote thermochemistry vapor phase epitaxy, and to have promoted growth of the 
heat CVD film. 

[0039]ln the above-mentioned example, although the electron cyclotron resonance type (ECR) ion source was 
used as an ion source, if the intensity of oxygen ion can be changed, it will not be based on the form but the same 
result will be obtained. 

[0040]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
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dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0041]The same result is obtained also when hydrides and organic compounds, such as nitrogen compounds, 
such as silicon inorganic compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to 
mix into reactant gas. 

[0042] Drawing 8 is drawing of longitudinal section showing the interlayer insulation film flattening method of the 
4th aluminum multilevel interconnection of this invention. 

[0043]ln this example, the aluminum wiring 1 14 is first formed on the substrate 1 15 in which the semiconductor 
device etc. were formed ( drawing 8 (a)). Next, using the plasma chemistry vapor phase growth system of 
Example 1 of this invention, among a figure, as shown in (b) and (c), CVD film 1 16 of this invention is formed 
more thickly than the thickness of aluminum wiring. Postbake of the resist 1 1 7 is applied and carried out. 
Etchback is performed and it is made for the surface of a CVD film to become flat using the reactive-ion-etching 
method adjusted so that the etching rate of CVD film 1 16 of the resist 117 and this invention might become equal. 
Then, the interlayer film 1 18 by which flattening was carried out is done. 

[0044]ln this example, although resist was used for flattening, even if it uses polyethylene, organic SOG, etc., an 
equivalent result is obtained. As a flattening method, if grinding method is used, it will cross to an entire substrate 
and good surface smoothness will be obtained. 

[0045] Drawin g 1 3 shows the method of the operation of the 5th example which uses the plasma chemistry vapor 
phase growth system of Example 1 of d rawing 1 . It expresses with drawing 13 about 13.56-MHz high-frequency 
power, 450-kHz high-frequency power, ion current density, and average ion energy. However, any value is 
standardized at the maximum of each value. 

[0046]ln the method of operation of this example, like the 1st step and the 2nd step from under drawing 13 , As a 
pulse is sent to RF generators 39 and 36 of two frequency (13.56 MHz and 450 kHz) of drawing 1 from the pulse 
generator 40 and the maximum output of the high frequency of two frequency becomes an opposite phase to 
them, voltage is impressed to the shower electrode 19. Then, like the 3rd step and the 4th step from under 
drawing 13 , although change of ion current density is small, average ion energy takes the maximum, when 450- 
kHz high-frequency power is the maximum, and when 13.56-MHz high-frequency power is the maximum, it can 
serve as the minimum. If this has the high frequency of the high frequency to impress, it will be because the 
voltage (sheath voltage) produced between plasma and a substrate decreases. Thus, in that the intensity of an 
ion bombardment changes periodically, and does not have degradation of membraneous quality, and step 
coverage nature and slot embedding nature are improved, when changing only ion energy, although it is the same 
as that of Example 1, without changing ion current density, Like the drawing 13 highest rung, there is an 
advantage that change of a film growth rate can be small performed to about 10%. 

[0047]ln this example, although the device of drawing 1 was used, even if it uses the device of drawing 6 and 
drawing 7 w hich were shown in other examples of this invention, the same result can be obtained. 
[0048]Although the ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this 
example, A tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0049]Since the life of an oxygen radical or a TEOS dissociation molecule is quite long even if ozone does not 
exist in reactant gas, the same result will be obtained if the value of duty ratio is chosen suitably. The same result 
is obtained also when hydrides and organic compounds, such as nitrogen compounds, such as silicon inorganic 
compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to mix into reactant gas. 



http://www4.ipdl. inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipd... 1/5/2009 



JP,06-168930,A [EXAMPLE] 



Page 7 of 12 



[0050]Although only the high-frequency power impressed to the shower electrode 19 was changed by this 
example further again, if high-frequency power, a reaction chamber pressure, substrate temperature, a gas mass 
flow, etc. are changed synchronizing with the pulse which the pulse generator 40 generates, better step coverage 
nature will be obtained. 

[0051] Drawing 14 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
the 6th example of this invention. In the device of this example, the ethyl silicate (it calls the following TEOS) gas 
used as a silicon raw material, Carry out flow regulation of the liquid TEOS supplied from the TEOS tank which is 
not expressed with this figure with the mass flow type liquid flow rate regulator 175, and it is made to evaporate 
thoroughly with the evaporator 187, and it is mixed with the helium by which flow regulation was carried out by the 
flow regulator 176, and is generated. Ozone content oxygen introduces into the silent discharge type ozone 
generator 186 the oxygen by which flow regulation was carried out by the flow regulator 174, makes 1 to 10% of 
ozone contain, and is generated. Hydrogen peroxide gas is generated by carrying out bubbling of the fluid 
hydrogen peroxide 185 in the homoiothermal container 177 with the helium by which flow regulation was carried 
out by the flow regulator 177. Although the concentration of hydrogen peroxide gas was adjusted at the 
temperature of the homoiothermal container 184, it was used in 10-20 ** at this example. Thus, the TEOS gas, 
ozone containing oxygen gas, and hydrogen peroxide gas which were generated are introduced into the manifold 
208 from the TEOS feed port 189, the ozone feed port 188, and the hydrogen oxide gas inlet 190. Within a 
manifold, it is mixed and these gases are diffused almost uniformly by hitting the gas diffusion board 192. If it hits 
the shower electrode 194, it will distribute still more uniformly and the surface of the substrate 207 will be sprayed. 
It is equipped on the SiC susceptor 196, optical heating is carried out from the heat lamp 198 through the quartz 
plate 197, and the substrate 207 is held at the temperature of about 200-450 **. The shower electrode 194 is 
electrically insulated with other portions with the insulating ring 193. 
The 13.56-MHz high frequency generated with RF oscillator 206 is impressed. 

The exhaust pipe 199 is connected to the vacuum pump 201, and the pressure of the reaction chamber 195 is 
held at 0.1 - tens Torr(s). 

[0052]The above devices are used in this example, The insulator layer was formed by the film formation condition 
of the forming temperature of 200 **, forming pressure 10Torr, RF power 100W, TEOS flow 50SCCM, oxygen 
(0 2 ) flow 1SLM, 5% of an ozone level, the hydrogen peroxide (H 2 0 2 ) flow 0 - 5SCCM. Drawing 16 is the figure 
which compared the longitudinal plane shape on the aluminum wiring 245 of the insulator layer formed by various 
methods. The insulator layer (henceforth a TEOS/0 2 system plasma-CVD film) and drawing 16 (b) which used 
the plasma vapor phase growth of the conventional TEOS and oxygen (0 2 ) drawing 16 (a), When a hydrogen 
peroxide (H 2 0 2 ) flow is 0SCCM among the conditions of this example (when it was got blocked and only ozone 
content oxygen is used). Drawing 16 (c) shows the case where a hydrogen peroxide (H 2 0 2 ) flow is 5SCCM 
among the conditions of this example. Although drawing 16 (a) and (b) show that step coverage has been 
considerably improved by using ozone content oxygen instead of oxygen, in the space to which an aspect ratio 
exceeds 1.0, it also turns out that the void (**) 249 arises. From drawing 16 (c), by adding hydrogen peroxide gas 
(H 2 0 2 ) further in addition to ozone content oxygen, Generating of a void (**) is lost also in the space to which an 
aspect ratio exceeds 1 .0, and it turns out that flow shape was formed a little also in the portion of isolated 
aluminum wiring. The added hydrogen peroxide decomposes according to a chemical formula like a formula (1), 
and these results are H 2 0 2 -> H 2 0+-0.... (1) 

It is thought that it is because the film formation precursor pseudo-liquid layer 59 is formed also in the state where 
generation of the film formation precursor 50 shown by drawing 3 is promoted, high-frequency power is 
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impressed, and plasma is irradiated in order that an oxygen radical (-0) and water (H 2 0) may be generated and 
these may promote the polymerization of TEOS. 

[0053]Although hydrogen peroxide was used as addition gas in this example, The same result was obtained, 
although the effect had a difference when hydrogen (H 2 ), water (H 2 0), hydrocarbon, alcohol, a carbonyl 
compound, and the compound that reacts to oxygen like carboxylic acid and generates water (H 2 0) were used. 
Also when hydrogen peroxide was used and an RF output was zero, the improvement of flow nature was 
accepted compared with the case where hydrogen peroxide is not used. Although the ethyl silicate (TEOS: 
chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this example, A tetramethylsilane (TMS: 
chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS), 
Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH(OC 2 H 5 ) 3 ), The same result is obtained 
even if it uses silicon containing compounds, such as a tris dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 

3>- 

[0054] Drawing 15 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
the 7th example of this invention. In the device of this example, the ethyl silicate (it calls the following TEOS) gas 
used as a silicon raw material, Carry out flow regulation of the TEOS on a fluid supplied from the TEOS tank 
which is not expressed with this figure with the mass flow type liquid flow rate regulator 210, and it is made to 
evaporate thoroughly with the evaporator 222, and it is mixed with the nitrogen gas by which flow regulation was 
carried out by the flow regulator 21 1 , and is generated. Ozone content oxygen introduces into the silent discharge 
type ozone generator 221 the oxygen gas by which flow regulation was carried out by the flow regulator 209, 
makes 1 to 10% of ozone contain, and is generated. Hydrogen peroxide gas is generated by carrying out bubbling 
of the fluid hydrogen peroxide 220 in the homoiothermal container 219 with the helium by which flow regulation 
was carried out with the flow regulator 212. Although the concentration of hydrogen peroxide gas was adjusted at 
the temperature of the homoiothermal container 219, it was used in 10-20 ** at this example. Thus, the TEOS 
gas, ozone containing oxygen gas, and hydrogen peroxide gas which were generated are introduced into the 
manifold 244 from the TEOS feed port 224, the ozone feed port 223, and the hydrogen peroxide gas inlet 225. 
Within a manifold, it is mixed and these gases are diffused almost uniformly by hitting the gas diffusion board 227. 
If it hits the shower electrode 229, it will distribute still more uniformly and the surface of the substrate 243 will be 
sprayed. It is equipped on the SiC susceptor 231, optical heating is carried out from the heat lamp 233 through 
the quartz plate 232, and the substrate 243 is held at the temperature of about 200-450 **. The exhaust pipe 234 
is connected to the vacuum pump 236, and the pressure inside the reaction chamber 230 is held at 0.1 - tens Torr 
(s). The shower electrode 229 is electrically insulated with other portions with the insulating ring 228. 
The 13.56-MHz high frequency generated with RF oscillator 241 is impressed. 

**** control of the output of this RF oscillator 241 is carried out at the pulse generated with the pulse generator 
242. 

Periodically or intensity changes. 

[0055]The above devices are used in this example, The forming temperature of 350 **, forming pressure 10Torr, 
RF frequency of 1 3.56 MHz, RF power 1 00W, the pulse frequency of 1 Hz, D= 30% of duty ratio, TEOS flow 
50SCCM, oxygen (0 2 ) flow 1 SLM, 5% of an ozone level, hydrogen peroxide. (H 2 0 2 ) The insulator layer was 
formed by the film formation condition of the flow 0 - 5SCCM. Drawin g 17 shows the longitudinal plane shape on 
the aluminum wiring 251 of the insulator layer formed by the film formation condition of this example. According to 
this example, a figure shows that it not only embeds the space part in which an aspect ratio exceeds 1 .0, but flow 
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shape is obtained and the insulator layer which has a smooth surface state is obtained. 
[0056]ln this example, although 13.56 MHz was used as frequency of a RF oscillator, if low frequency waves, 
such as 450 Hz, are added, a still better result will be obtained like Example 1 of this invention. In this example, 
although ON-OFF of RF power was performed using the pulse generator, even if it repeats the state where it does 
not glare [ an exposure and ] of plasma, the same result is obtained using a device like drawing 6 . Although the 
ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ) was used as organic silane gas in this example, A 
tetramethylsilane (TMS: chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), 
octamethylcyclotetrasiloxane (OMCTS), Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH 
(OC 2 H 5 ) 3 ), The same result is obtained even if it uses silicon containing compounds, such as a tris 
dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 3 ). 

[0057] Drawi ng 18 is outline drawing of longitudinal section of the plasma chemistry vapor phase growth system of 
the 8th example of this invention. Octamethylcyclotetrasiloxane which serves as a silicon raw material in the 
device of this example (it calls the following OMCTS.) A chemical formula is Si 4 0 12 C 8 H 24 . Gas, Carry out flow 
regulation of the liquid OMCTS supplied from the OMCTS tank which is not expressed with this figure with the 
mass flow type liquid flow rate regulator 255, and it is made to evaporate thoroughly with the evaporator 265, and 
it is mixed with the nitrogen gas by which flow regulation was carried out by the flow regulator 256, and is 
generated. Ozone content oxygen introduces into the silent discharge type ozone generator 264 the oxygen gas 
by which flow regulation was carried out by the flow regulator 254, makes 0.1 to 1.0% of ozone contain, and is 
generated. Ammonia gas is supplied from HN 3 gas bomb which is not expressed with this figure, and flow 
regulation is carried out by flow control term 257. Thus, the OMCTS gas, ozone containing oxygen gas, and 
ammonia gas which were generated are introduced into the manifold 269 from the OMCTS feed port 267, the 
ozone feed port 268, and the NH 3 feed port 266. Within a manifold, it is mixed and these gases are diffused 
almost uniformly by hitting the gas diffusion board 271. If it hits the shower electrode 273, it will distribute still 
more uniformly and the surface of the substrate 275 will be sprayed. It is equipped on the SiC susceptor 276, 
optical heating is carried out from the heat lamp 278 through the quartz plate 277, and the substrate 275 is held at 
the temperature of about 200-450 **. The exhaust pipe 279 is connected to the vacuum pump 281, and the 
pressure inside the reaction chamber 274 is held at 0.1 - the suitable value of tens Torr(s). The shower electrode 
273 is electrically insulated with other portions with the insulating ring 272. 
The 13.56-MHz high frequency generated by the RF generator 286 is impressed. 
The output of this RF oscillator 286 is controlled by the pulse generated with the pulse generator 287. 
Periodically or intensity changes. 

[0058]ln this example, using the above devices, the forming temperature of 300 **, forming pressure LOTorr, RF 
frequency of 13.56 MHz, RF power 300W, the pulse frequency of 0.2 Hz (pulse cycle 5 seconds), The insulator 
layer was formed by the film formation condition of D= 20% of duty ratio, OMCTS flow 50SCCM, oxygen (0 2 ) flow 
0.1SLM, 1% of an ozone level, and ammonia (NH g ) flow 1.0SLM. 

[0059]The film growth rate of about 1200 A / min was obtained as a result, and step coverage was not less than 

90%. The presentation is SiON whose nitrogen content is 5 to 25%. 

It turned out that a film Nakamizu daily dose is also an insulator layer good at 1% or less. 

[0060]The membrane formation mechanism of the insulator layer of this example is explained as follows. First, the 
heat CVD reaction of ozone and OMCTS is performed in the state of OFF of RF power. The Si0 2 film having 
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contained quite many moisture is formed at this reaction. Next, if RF power is set to ON, ammonia plasma will 
occur. If the Si0 2 film formed by the heat CVD reaction is put to this ammonia plasma, a nitrogen ion will be 
poured in and it will be considered nitriding. The plasma-CVD reaction has also produced the time of ON of RF 
power simultaneously. 

Since Si, O, N, and H are contained in reactant gas, a SiON film is formed. 

In this example, DEPORETO of the plasma-CVD reaction to which DEPORETO of the heat CVD reaction of 
ozone and OMCTS turned ON about 1000 A / min, and RF power is 2000 A / min, Since the time of RF power 
OFF is 4 seconds, it means putting the Si0 2 film of about 125-A thickness to ammonia plasma. The artificer of 
this invention is checking nitriding [ the Si0 2 film of thickness of this level / ammonia plasma ] easily. 
And it is also checking that composition distribution and membraneous distribution hardly arise in a thickness 
direction by ON-OFF of RF power. 

[0061]ln this example, although 13.56 MHz was used as frequency of a RF oscillator, if low frequency waves, 
such as 450 Hz, are added, a still better result will be obtained like Example 1 of this invention. In this example, 
although ON-OFF of RF power was performed using the pulse generator, even if it repeats the state where it does 
not glare [ an exposure and ] of plasma, the same result is obtained using a device like drawing 6 . Although 
octamethylcyclotetrasiloxane (OMCTS) was used as organic silane gas in this example, An ethyl silicate 
(TEOS:Si(OC 2 H 5 ) 4 ), A tetramethylsilane (TMS:Si(CH 3 ) 3 ), The same result is obtained even if it uses silicon 
containing compounds, such as tetramethyl cyclotetrasiloxane (TMCTS), hexamethyldisilazane (HMDS), and 
triethoxysilane (SiH(OC 2 H 5 ) 3 ). As organic silane gas, a tris dimethylamino silane (SiH(N(CH 3 ) 2 ) 3 ), a tris 
diethylamino silane (SiH(N(C 2 H 5 ) 2 ) 3 ), etc., Nitrogen content can be raised if the compound which has Si-N 
combination is used. Although ammonia (NH g ) was used in this example as gas made to generate the plasma 
which pours in nitrogen, the effect that the mixed gas of N 2 , N 2 , and H 2 is also the same is acquired. 
[0062] Drawing 19 is drawing of longitudinal section showing the outline of the plasma chemistry vapor phase 
growth system of the 9th example of this invention. 

[0063]Ammonia gas NH 3 by which flow regulation was carried out to the ion source cave 305 by the flow regulator 
288, Nitrogen gas N 2 by which flow regulation was carried out to laughter gas N 2 0 by which flow regulation was 
carried out by the flow regulator 289 by the flow regulator 290 is supplied, and the pressure is maintained at 
p=100mTorr. Microwave with a frequency of 2.45 GHz is supplied via the waveguide 299 and the transmission 
window 298 from the microwave power supply 300. By the 875 gauss magnetic field which the main 
electromagnet coil 303 makes, within the ion source cave 305, the electron cyclotron resonance (ECR) has 
happened and the high plasma of an ionization rate occurs. With the emission magnetic field and the auxiliary coil 
1.304 of the main electromagnet 303, the oxygen ion, nitrogen ion, and hydrogen ion which are generated here 
are pulled out to the reaction chamber 309, pass through the crevice between the grids 307, and it is irradiated 
with them to the substrate 310. The grid 307 rebounds ion with the voltage to impress, or is carrying out the duty 
of the shutter which makes it pass. 

[0064]The TDEAS gas used as a silicon raw material the TDEAS gas which evaporated from TDEAS(fluid)318 
kept warm in the homoiothermal container 317 kept at 80 **, Flow regulation is carried out by the flow regulator 
292, and it is mixed with the nitrogen gas by which flow regulation was carried out by the flow regulator 291, and 
is introduced from the source gas feed port 308 to a reaction chamber, and a substrate face is sprayed. Here, 
piping and the source gas feed port 308 which are connected with the source gas feed port 308 from the 
homoiothermal container 317 containing TDEAS318 are maintained at the constant temperature of not less than 
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80 **. It is equipped with the substrate 310 on the susceptor 312, and it is heated by 300 ** with the heater 315. 
The pressure of the reaction chamber is maintained at about 1 mTorr by the vacuum pump 316. 
[0065]ln the plasma CVD device of this example, first, the microwave power supply 300 is operated, an 875 
gauss magnetic field is generated with a main electromagnet coil, ECR resonance is produced and the plasma 
which consists of nitrogen gas, ammonia gas, and laughter gas in the ion source cave 305 is generated. It is 
suitable, and it comes out, and is made the small value, and the exposure of plasma makes the current sent 
through the auxiliary coils 1 and 304 and the auxiliary coils 2 and 31 1 the grade which generates the magnetic 
field which faces to a substrate from an ion source and which becomes uniform. The ion electrified in positive [, 
such as oxygen ion 0 + / which impresses positive voltage to the grid 307 and exists in plasma /, nitrogen ion N + , 
and hydrogen ion H + , ] recoils by a positive electric field, and the substrate 310 is kept from being irradiated. In 
this state, only neutral active species (radical) and molecule which were generated in the plasma in the ion source 
cave 305 are supplied to the substrate 310 surface. Here, if TDEAS gas is supplied, the thermal reaction 
activated with neutral active species (radical) will occur, and a SiON film with sufficient step coverage will be 
formed. In this example, about 10 nm of SiON films by this thermal reaction were formed. Next, voltage impressed 
to the grid 307 is made into zero or a negative small value, and it is made for the just electrified ion to be 
irradiated by the surface of the substrate 310. Then, by receiving an ion bombardment, the moisture and carbon 
in a film **** and the SiON film formed by thermal reaction turns into a plasma-CVD film and a good SiON film of 
membraneous quality which has equivalent membraneous quality. In a substrate face, the plasma chemical 
reaction has also occurred and plasma CVD and a SiON film are also formed simultaneously. Then, the number 
of ion which will be irradiated with it by the substrate 310 if the voltage impressed to the grid 307 is changed with 
the cycle of 1 to about 10 seconds will change periodically, and formation of heat CVD and the SiON film by 
thermal reaction and refining to plasma CVD and a SiON film will be performed by turns. As a result, plasma CVD 
and a SiON film excellent in step coverage and a level difference embedding positive are formed. Since the 
reaction chamber pressure is especially set to about 1 mTorr by this example, the embedding of the big slot on 
the aspect ratio is also possible. 

[0066]Although the recoil electric field by impressing positive voltage to the grid 307 was used in the above- 
mentioned example as a means to change the ion irradiated by the substrate 310, The mirror type magnetic field 
by the auxiliary coils 1 and 304, the cusp type magnetic field formed with the auxiliary coils 2 and 31 1 , and the 
recoil electric field formed in the susceptor 312 by impressing positive voltage from the bias application power 
supply 313 may be used. Although not shown in drawing 19 , the same result is obtained even if it uses a 
mechanical shutter. However, when it is made structure which bars radical diffusion using a mechanical shutter 
etc., it cannot be overemphasized that it is better to supply a radical near the substrate using a radical generator, 
to promote thermochemistry vapor phase epitaxy, and to have promoted growth of the heat CVD film. 
[0067]ln the above-mentioned example, although the electron cyclotron resonance type (ECR) ion source was 
used as an ion source, if the intensity of ion can be changed, it will not be based on the form but the same result 
will be obtained. 

[0068]Although the tris diethylamino silane (TDEAS: chemical formula SiH(N(C 2 H 5 ) 2 ) 3 ) was used as organic 
silane gas in this example, An ethyl silicate (TEOS: chemical formula Si(OC 2 H 5 ) 4 ), A tetramethylsilane (TMS: 
chemical formula Si(CH 3 ) 3 ), Tetramethyl cyclotetrasiloxane (TMCTS), octamethylcyclotetrasiloxane (OMCTS), 
Hexamethyldisilazane (HMDS), triethoxysilane (chemical formula SiH(OC 2 H 5 ) 3 ), The same result is obtained 
even if it uses silicon containing compounds, such as a tris dimethylamino silane (chemical formula SiH(N(CH 3 ) 2 ) 
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[0069]The same result is obtained also when hydrides and organic compounds, such as nitrogen compounds, 
such as silicon inorganic compounds, ammonia, etc., such as Silang, Lynn, boron, arsenic, antimony, are made to 
mix into reactant gas. Although ammonia (NH 3 ) was used as gas made to generate plasma in this example, the 
effect that the mixed gas of N 2 , N 2 , and H 2 is also the same is acquired. 



[Translation done.] 



http://ww4.ipdl.inpit.go.jp/cgi-biiVtran_web_cgi_ejje?atw_u=http%3A%2F%2Fww4j 1/5/2009 



JP,06-168930,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 8 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1 [ Outline drawing of longitudinal section of the plasma chemistry vapor phase growth system showing 
the 1st example of this invention. 

[Drawing 2] The figure which expresses operation of the plasma chemistry vapor phase growth system of drawing 
1_about the temporal change of impression high-frequency power, the number of oxygen ion, and an ozone level. 
[Drawing 3]The model figure showing the outline of the principle of this invention. 

[Drawing 4] Drawing of longitudinal section showing the growth process of the time progress and the film at the 
time of performing operation like drawing 2 . 

[Drawing 5] The high frequency ON time at the time of performing operation like drawing 2 (t QN ) is [ comparatively 
(duty D) and ] a related figure of a film growth rate, step coverage, and the absorption index of an OH radical. 
[ Drawin g 6]The 2nd outline top view and drawing of longitudinal section of a reaction chamber of Example 2 of a 
plasma chemistry vapor phase growth system. [ of this invention ] 

[ Drawing 7jDrawing of longitudinal section showing the outline of the plasma chemistry vapor phase growth 
system of the 3rd example of this invention. 

[Drawing 8] Drawing of longitudinal section showing the interlayer insulation film flattening method of the aluminum 
multilevel interconnection of the 4th example of this invention. 

[Drawing 9] The schematic diagram of the conventional plasma vapor phase growth system. 
[Drawing 10] The variation diagram to the membrane formation time of the high-frequency power in the 
conventional method of acting plasma chemistry vapor phase growth, and ozone and the thermochemistry vapor 
phase growth of TEOS by turns impressed to a shower electrode, the number of oxygen ion in plasma, and the 
ozone level in material gas. 

[Drawing 11] Drawing of longitudinal section showing the film growth at the time of performing plasma chemistry 
vapor phase growth and ozone thermochemistry vapor phase growth by turns. 

[Drawing 12] Drawing of longitudinal section showing the formation method of the conventional flattening insulator 
layer for multilevel interconnection using plasma chemistry vapor phase growth and the silica applying method. 
[Drawing 13] Temporal change figures which use the plasma chemistry vapor phase growth system of the 1st 
example of dr awing 1 , such as high-frequency power which shows the method of operation of the 5th example. 
[Drawing 14] Drawing of longitudinal section showing the outline of the plasma chemistry vapor phase growth 
system of the 6th example of this invention. 

[Drawing 15] Drawing of longitudinal section showing the outline of the plasma chemistry vapor phase growth 
system of the 7th example of this invention. 

[Drawing 16 ]Drawing of longitudinal section showing the step coverage of the insulator layer formed using the 
plasma vapor phase growth of the 6th example of this invention. 
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[Drawing 1 7] Drawing of longitudinal section showing the step coverage of the insulator layer formed using the 
plasma vapor phase growth of the 7th example of this invention. 

[Drawing 18] Drawing of longitudinal section showing the outline of the plasma chemistry vapor phase growth 
system of the 8th example of this invention. 

[Drawing 19] Drawing of longitudinal section showing the outline of the plasma chemistry vapor phase growth 
system of the 9th example of this invention. 
[Description of Notations] 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 7] 
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[Drawing 9] 
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[Drawing 14 ] 
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[Drawing 15] 
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[Drawing 19] 
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(57)Abstract: 

PURPOSE: To decrease water content contained in a 
coating film and to prevent the generation of the 
defective connection of through holes, through which a 
lower layer aluminum wiring and an upper layer aluminum 
wiring are connected to each other, by a method wherein 
organic silane and oxygen are contained in raw gas and 
while the intensity of plasma emission on the surface of 
a substrate is periodically changed, a desired thin film is 
formed. 

CONSTITUTION: The flow rate of liquid organic silane is 
adjusted by a liquid flow rate adjuster 3. The liquid 
organic silane is completely vaporized by an evaporator 
12, mixed with helium flowing at a flow rate adjusted by a 

flow rate adjuster 4, and organic silane gas is produced. ^zS^tnij!^ 
Ozone-containing gas is produced by introducing oxygen 
supplied at a flow rate adjusted by a flow rate adjuster 2 
in a silent discharge ozone generator 1 1. The produced 
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periodically changed to form a desired thin film. Accordingly, the amount of water content in an 
interlayer film is decreased and the crack resistance is enhanced. 
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»ft** (Hz 02 ) ., ** (H2 ) . * (Hz O) , 

©i»j©*<i:t,iaa*asiDt-4*€««i:-r*ft*« 
[■warn ??x*tm»t vm 

jfcJg 6 ffitt©«#SitBJSS3c. 

ff 3 * £#8t fc t «M*4( 9 3BK©<b^at§ fiKSS. 

^ttwut. rait***. **. *. ant**. 7)i 
tutotsMnu *neii±i::ft8K£*ME*©x 
y*K$©wifc»«iMW-*isi:, sfcm-^-vx 

£-fa£B@E*l©Siif?5;£o 

[««©»»«k«] 

[oo o 1 3 

[**±©wffl»»j *M9it n&smrauiktibm 

JMB*«SS«fe*tf*JiE«l©W635ai=Hf *. 
[0002] 

[ft*©&ffj] ^©^Xvft^Sffifilcfi&li, Sffr 
TJXI-TEOS&tfgfcfSt^ffllV J£(E§Sf«3©S4lRiaS 



RUlc. -*Hl*©KHa**tB«iiU. -5t8£©?5 
Xv*«*ft-ttfttf6. tt«UKtUU:l=Bfa©»R«» 

[0 0 0 3] 09 fc. «*©^7X?fMiJ£flKK®« 

[0004] v'Ja^JS^irfe-ST EOS (fl-7if 
JU^UVS'U^r-K) ffXte. 1 3 2lcA^.fc 

Sfttt© TEOS 1 3 1 f , %LMmnt» 1 2 3 ICT3E* 
■»**lfe*»y>A (He) *-Xlcr/\*^'JV^L. T 
10 EOS«Hfc*tf-C*jM-«. **/>«*iM6ia:. 9U 

1 6 5 «eti o %ss©^-/> 

raySWft. TEostfxaitt-^MrMMfxtt. 

TEOS3HAQ1 3 8ai;»^-^-'/>»AP1 3 9«fc 
y V-*— >U h* 1 3 6t»A*^l, V-^t-Jt. h* 1 3 6 

WTf«#*ih.T. #xa«tsi 4oi=afcyss»Lv v 

V3-mBl 4 2*»oT4&l=«a-l=»llkL. ftfil 

4 7©Sffifz»}:^ite > 4ia. gfti4 7f± s sict 
•fe^*14 4±ir«3»4ih. 5£*£1 4 5£SL-Cto& 

20 4 6*&jfcflJ»if*W 3 5 0°CSK©afil=R 

»**l-Cl»*. ->t9-iSl 4 2 1*. t6»'J^yi 4 
1l=*"3T*©»»t*ftttl=«l**l-Cfey. 13. 

5 6MHzSSift«3S1 2 9fc«kt;/W/U7-fJU5i- 
1 3 0. 4 5 0kHz&JSsStt$1 3 3 33.fctfP--/*X 
^-fJU* — 1 3 4tf*J$*tlfc2-D©H3Ka©S®3Kl: 

4 8l*Kffl>H>^1 4 9IZ^«t$^t*5 
y, 4 3©E*(*v SlTo r r l=(M***fCt* 

■S. 

30 [0 0 0 5] ««, ±SB©«t5ftSST?t*. *r. TE 
O S Sflroi^^iX^ y Y 7-11 1 4 2^S>£ 

«i 4 7tft#«rt. EA*©$£$flEeLfeft. -£ 
©KB»«E*W7-Ht«1 4 2CW1PL. TEOS 
at«*t5M*4*-C»Sl 4 7±l=BfH©Ht»Utr 
«. 

[0 0 0 6] ^©j:3ft*«ft»a-ei*. »***!.£■ 

©T*aaicafftR*aatt (xt*:**/«h»s?> 

OOtSkt* *'/>i:TEOS©»flS?JMiJS*ai:tX 
40 StfT3ctA«SC*.c,*.ru« 0 0101=. *ffl«fc54 
75S6^fi7Sgic, *>vr3-«ai 42i=B«n*ih*KJi 
?7X7te»n^*>»t, naafx+ffl 
^-v>jRg©, *ii»Dnta-i-4*ftt«Lr^4. ? 

'/>«Mb¥«a**€ffo-cfey. K«sw*4*Hfp© 

jBIBli, B*-f*>»*-tfPtft-3-ci^*. *fc. AB 

»**tHfpi-LT^b. *y>t3eus&»*fcft, 
•y»fluit±iF-r«*-ei=-3giWttU«i-eft«. JbC 
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1 3EHJ=ffft -o tdttts £*© J: => izm fi£ Sit 
111 (a)~(d) TttBttLfcl:* 

^*^fcr;u5iB^n 5 3±iz. *r (b) ©tsi::. zf 

54A%JS**l*„ (c) ©£ 

1©&CVD&1 5 5^fiE**l*. *6I=. (d) <0 
SIC. S2(D^5X-7CVD8i1 5 63b<»St**l*. - 

© ck 3 ftiBjWBk y S Bra©H»*-eB»**«f7 

*»*t. hi i (d) afflz. &mm&<Dmmi&z*L 

«. «c. r©,k5fc#£-ei±. t7^cvDH 5 

£IS+lc*#*<£<8#L. 7;USBBaBH«a?Lfti 

b^Kssa^wm Lfc y . *aafc,fc o thisis©*!*!** 

feOBBCWL-C. t'^CVDKi 5 5©fiM£S 

sr/^BBBfrtff 5 c £ *qr»-e*« z i *<*o e>*ix 

10)?5X7CVDil 5 4±"C(0^- , yi/^CVDMl 

«. =*u*. si^5X7cvd8i 5 4©ag*<. 

I0007JI12U, CIO^X7«M«ltfit 
«3&»**LTH*. *1\ Bl 2 (.) . (b) ©« 

Sffii 5 7±(=»st*<ifcr;u5iaBi sa©± 
i=. ?7X7cvdh 59^, Eiapsx"*— xicjg 
(#<* n *<-e*«:i*sB©B*fiit»sw*. 

012 <o) ©*l=^y*Bflf»*B*L. £#]&«© 
a© 1 o o°c©ss*i3i, JSS3c#©.&©3 o o°cffr&© 
BMtfTlv ^yaSflSB (188) 1 6 0« 
f «. r©i££-ete. ««*«*+#*©■*:. Hi z 

<d) ©at. hi 2 (o) ■ctTttofci/y*«*atf 
B*B©xS£. 2EUa±«yjSLTs ->y*a*B 

(*BBB«) 1 6 1 S»flW4. 46l=. iIS©Jx£ 
tt-r^Vxy^V^jS (RI E) £ffllvrxy^/*?>7 
ti. ::©!$. 7*SKB±©^X^CVDBftB4< 
BIB***:. BlfcBfr&BaBT-tfftBdiLSfeto. v 

y Aitgffli^f ^i^- h* 1 ** < *y, hi 2 

(o) ©at. i-;f/W»y | J*ltlie2 
It. 7;u3MEBS*B©X'<-X»*^=A-eL*d* 

jMffl&iVCl**. BBC. Sffi. ?7X7CVDI1 6 

3*»*L-CHHB*<BB**. 
[0008] 



-xtiW4*i:tt. B1 1©*5I=. ?5X?W 

b«b*b&. TEos©«Hi:*ft«*ft*fc 
taastfjofcy. bi2©bi=. s/yaawasM* 

BBA1-««K«tft«. LA V L. 1 OTo r rIM 
ET^»**ilfct*;>-T E O S^C V DJBW>i/iJ * 
BfflU*. H*ta**L**#*»3K . *fe 
BattBfcBflJ&tfcy. TB7;i/3EBfc±B7 
;u 3 BB £ BB1-* x*^-*-*©Btt***«4 ll ft t 
i*3*jS***ofc. *fc. B*!/>BB*frT!«Bf * 

bt*fc. Bl 2ffl*5tt^y*B*Bti?f^/«9^ 
■Tft^SK-ei*. i>'JAB*B*»«1-*iS*. xvf 
/t**-r*x8tf#*l=W|-e. xSB©Jtto*». *® 
* U «T t » < £ o 5 *A * * o fc. 

[0O09] 

IIlfI£ft?i**ftfc«>©*&] *BB©ft*ftti£ftB 
It. BfttfX&LT. e«t^>t. B***L*tfci-y 
SEtCBBIb** (Hz 02 ) . (H 
20 2 ) , * (H2 o) . ftfl:*£. 7Jt3-;b. rtJUtf- 
jufcftB. *;u#i/B©i*i©'>*<i:*iHfi«MiTf 
Uft. *fc. *£M©:77X7<b¥ftteasai*» BH 
*XOflKKfc't,-»»l=«BS'9>i:BB*l*tt*!/ 
>t«Blt**, JMRBB'v©^5XvB*ra«E*H 
MttJ=»fc*#&rt<&BfS©tt£flaiM-*. -©IS. 7 
^X7K!lt®j££^bSltft¥J£<fcLT. -J=>X^Qi% 
*ttBfc*B±«Bt«yBLTffofcy. SffiSffi^ 
©3f5XT©BWfe*tf*B»tByi8Lfey. 

Brt©»ft-r*««c 2BH±©«a»©i»»aB£E 
30 ^m*oL. t©w©-»aiM±*»©KBam»*HB 

[00 10] ffe. *f£Bfl©<b^affifiEfi^SI*. #B 
•>7^«t4l«i, *-y>*frBB£flMM-*a 
«£. iiBft*a, *5^. *, Sft?X*. 7JU3-;u, 
■h)\,X-Mti$%, *;u*>B©l*i©*4 < £ 1 1 SSi 
tffXttBfcL-CttB-fftBfllfc^rL-Cl**. *fc, 
**K©ft^ftffifi!t^g1SI*. ^«->7>*«*gt-*« 
«t£. BBaLMt4-^^«*BB««tM-«B«£. ^ 

7X7jfe£aatBMtti=Bft*#«a«. «lm*, i 

07?Ximtimk % =©BB©^7XVB««B© 
HTf*««»B*#*««i:**LTU*. Sblc. * 
*B^©<b^SLffiJ«SgSli. •>i/\-*BI=*B*> : 5> 
6*l«-!/va*B*«ttt-*-*BBfc. «?5X7 

©©awwsiMtsffliMfte/^c/s-fc^L-ct^. 

*fc. *««©ft*ftfta*BBIi. St5#SW©*tl6i 

t*««i=, 2BJa±©Baft©BaaajEtwinL. 
*©rt©-w*^ii*B©aHaa*tH«»r=*ft* 

50 Lrt»4. 
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[00 111 *£H©»jfBtt©S*#&li. 
M&TfXKfctSi^Vt. *Vvfc&l,M*BtSI<fc£^ 
*K ^blz, S»ft*£. **. *. EStftrtifc. TJUn 
-ju. 7j;u7l^;Hb&«j, 7j;u*v§fc©fcffl'>fc< tt, 

1/vxH, tS!i"J*l§©?a(fcI£Mt4 
■T«ia**//-C^6. *fc, *SSBJl©#®B2&©3!i® 

1/vXhK. **i/U *«*D¥fiftB 

[00 12] 

[o o 1 3] ■ 1 1*. *m®o>% 1 asiMtftT?? 

ma. *v>aie«)BjB«<ttoi»Ta 

-r^na-easy, 04i±, 02©£3fc»ft£frofcfig 
®. ^sjatiswfiEfiaiisa-rtaKsiaT'fcy. 0 

.51*, H2©J.3&IJfls«fr3feJ>. *H»*->B*H 
(ton) ©®£ (tj-t< D) tRfiSfiiSE, 7f; 

[0014] 0 1 lis *3£SB©3Sfli0i| 1 09 ?5 X^rft* 

m*wm®*»HftKiiH-cfe«. *nj6<H©gs-t- 

I*. V'J^lVJSJftfcteSSax^U (HTTEOSW 

#x[±, cA)[ar*[±a*^-c^^i\TEos^>^ 

ftftWMMI 3 -eaUHtt L . &M® 1 2 T*%±lz* 

ft**. MB**4-ca«MH**ifc'N'jo J uta* 
*#iri«*4i*. t'^WBit 3lE*fflttf&2-e 
SKJUMf$*LfeRS£. «!MBt«B*'yv«4»i it 
#ALs 1-1 0%0>**J>i£%$itXikfiL$*ii>. 

WWItT*!*. teos*Adi 4ikt;*'/^»Ani 

T?l±. =*lC,©**X[±jl#*^. JJXttfttt 1 7 tat 
**t*-3-C. BKiSs--l::iMW*. *&l=. 

Sffii-ifctttif £;ha. s«2 si*, s i c-y-t^*2 

2 0 0~4 5 0tffl|(DiitfJ*i<l 
Tl»«. i-tHil 91*. *E«y>^1 St^-aT 
flfe©SP«-i:*fiiWttfeSStLrfey. 13. 56MHz 
iSSaajR3 8feJ:tf/W/<X7-rJU*-3 8, 4 50 



kH 2iSJaattf3g3 6fcJ:tfD-/U7-f ;u^-3 5-e 
X3 7*^L-CEnln*tlXL^o #Sl®2 4l*SlS 

#v^2 6ti«t44irtey. sfS^2oo)Lt*[±. 

0. 1 -SH-T o r r CflM***lTt»«. 

[0015] *3gjfefi!lt?l±. ^-vo-ttffii 9 

-rve— jr-vx 

io <r??*t*y. *^9HMi 9cwarf «*ns«s 

^^•^-^m*SJ:-5lc:<eoT^*„ *fc. /<;UX*/ 
x*ix-^4ota*±f */<x;n=PiWLr. iSjasss 

3135. 3 6<Offi*S3Eft*#. ^^^-HSn 

£>©KHtl±. S&iUE. KK3ff****»T. ?a-fe 
xavhP-5-4ifWm. :*ibffl«Wdf 
*/<jux^©sa»i±. ni+-ci±5S*8i?***tri> 

So 

[0016] HZU, 5/-V7— SSl 91=8*1? &JSJS 
20 . ESI 1 - +7 Lfci§&©*8ffi©S& 

02. 03. |4 St;. B5*fflivt3iffl-f&. 
[0 0 17] 0 2STBil±. jftl»ft||||&J«B&£:t]©li 

on ©EL yV3-fffi1 9t»«2 8«lM*S i CiHr 
2 ifflHt7-7X7tf«tL. S*atM±^-y>*t 
MLif-ft^tt-5 0 H2«t»Rtt. -t©i6*-f 
*>»©Rftt*fCt»*. AHiffim^^EPJiDLteA-C 

30 y ifc-Sfc©.. SfS5K«*©E|JftJI=J:6-f Jj-Vft 

?«. 

[0018] 03 (a), (b) [±. «l«L. 

* > fe * t;* ^ ©i$©sffis®js#©&^ =e f* 
0-c-fc^o fcrnxMi-xDm. ii«)vv?-isi 9 

fc*»2 8©|HI-^X-=?4«3BflEr4. ^7X7>f!! 
I*. i*WTEOS»fli, 1^4 5, KUl-f^-i/ 
47, TEOS*IS!l»^4 6. if7V*^5 5» 

363.U 1^^4 7 13:, =ffl«EI=J:yjna*n, 

k'j^kl. mitmtt. TEos«i»t4 

5 0lcft«. *bic. Pfi6ISSffi-C'«ai7i?7J>U*tS 
JSL, JKfiE^5 1 *tBJft*4i*. z©E5. iig5K» 
*W=I*» #«l=jS<©K«-f+vW!W**fc». SI 
»*«HB»5 0©**J±A^j:y)S<. JKfi£mS55T*©vg 
Sl±1£l>,, *fc. WH-f ^f$JE5 1 tfflft 

so £#-&fl=ffijb<a&y. MS^ajff-c, h^istjwk©®^ 
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[O0 1 9] £T. -B&mm&t7IZtLZi: (03 

TEOS»? 5 6*K£HI=n*»oT 
fi££4 L. 5JS LtTEOS ^JSJ&riSt&SBt* i: 
*. »fiEli5 1(0$ffiT*li. KfMSKJCtflMk^SlS© 

#£L. ■KJSttB{ttratM5 9jb<IM££ii«. C© 
BKOttHftUftltM 5 9 1*. &#©teSr£*lJ-fcto. 
Sfe 5 z l:U&j£ £*iT l**aM©flJffif6ap©l8iffj!i<J5 < 

[0 0 2 0] 04li. ®2(0J:5tSSjft**^iinL 
fcfc#©B*H«iB£IK»jS©«^£*T;uttl::SLfc« 
ffifS@T?fc-S, *1\ 04 (a) ©£51=. BIB t 
on (®2 "Clio. 59) OH, >{£*M» M 

1 OnmfflSHC^VCVDlgeOiWWo 
SKIC. 04 (b) ©»l=. RMtOFF (0. 5«0 ©R3 20 

l=mi<0!»cvDBi6 2*«®di*ii*. Rffl t off li 

0. B#fc**l=a<, Slffl8SCVDK6 2ffllSi?tt 
1 nmflde-Vft«. *©fctf>. ft©t<M©tlMI=MM' 
i-V«»»-e*R**t, ?7X7CVDJg|£|^©J8SH 
I=«E-pTL*5. iot. 04 (c) ©«fc?l::. as* 
tL/=mi©SRCVDfflt6 2(i, SK0W7CVD1 
60&BEStt<ojMi:<tto-CL*l\ *1©?5XVC 

vD«eoi=Biya**irL*5. RftcvDBiii. n* 
mmmstMoM-c. EauHKon^xx-x* 

*£©-e. «<^X^rcvD«afta«©^XT|H 

3S©JBta©3g 2^7X7CV DKfifcgflJ©flSfiE|g 64f 
^fiSLfcSlc&S. *2?5XTCVDBW*lt©»* 
IS 6 4C*y. RMHNtft*t*tffcBttttt-3TL« 

3©flStt4,. 04 (c) <D«C % 

VDK6 3=bBa36*'3*4l»fca6,-*<|t2fl!)»CVD 
l£6 5©j£fif£|!i (d) -eii. TJMM*2^X-*C 40 

[0021] ja±ffl«t5&si8^ *»mmvmtzt 
Cfcy, 04 (o) ©«k-5ic 7;bsi2i&6 i©is©x 
(#<f K) SK. ?5X?CVDlfcBB 
PIS?©. &ff&RK©«lM£an&t?*«ttil*«. 

[0022] 05li. 02*©tON t tOFF frbtfJtS 
ft-STrn — "T-f—ttD ( D = t ON / (tON + tOFF ) X 

1 0 0 (%) ) ©«£, Xf'^Wl/»; 
v. H*©OHS©i»iK«»t(OiHS$*UTO*. 0 



«y, *»ffrb. XfK?*/«U?S?li, D#5 0%£ 
&;L£t^bLteto3?£jWJ. ±Kfrb. OHSli, 
DAU 0%$ai*itf+»/J\* < *5**«*J-&. 04 
6. XT5r^*/«Hri?i:«**»ft (JgS*OHg©J|X 

^JSS^tSSB (**te«©*df*4 o^& 6 0/<— fe> 
h) l=tt6-r« = tl=J:yw#fctai5Pbft^J:5J=-i- 

[0 0 2 3] H. »>7>*)XtL 

r. (teos : <b5*3£s i (ocz hs ) 

4 ) SfflUfejo*. f K7^f^->7> (TMS : <b^5t 

5 i (CH3 ) 3 ) . f h7/f;i-yfDf h7->D + 

(TMCTS) . tf$^f;i/V^Of (-7->P* 
(OMCTS) . /s+iJ-^^^i/^ifV (HMD 
S) , h'JIh^» 7 > (S i H (OC 
! H5 ) J ) . h'JXv^^;UT5/^5> (S i H 
(N (CH3 ) Z ) 3 ) *©i/ij3>*#ft*«tfflix 

T=&f§H$©$££*<i#b;h.&,, 
[0024] *fc. kj£#x*©+ Lft < r 

t, . Big 5 £>a ;m?> t e o s tm&^om iS»iiJo*fc y & 

0©T?. x^-T^-J±©ft$il^lcS'ili, ffi»f©£ 

A*#fc«^l= t ntt©MJIl*W &*i-5o 
[0 0 2 5] **«MH-ef*» S/Y7-«a 

y i ^ 4 O «)±fiEt*/^UXl:Hi LT. itSJUSS 

fc. *yjMF&K«ttflH£4<ftb*L«. 
[0 0 2 6] 06 (a) li. *«H©ft2©g1fc«l©7 
7X-7<b^Slffi«fiSS©S.fBB©4a»S¥[i0-e36 y . 

06 (b) li. 06 (a) ©A — A' ^ICifi-DfcSSr® 
i-Cfc^ ff, 06 (a) li. 06 (b) ©B-B' « 

[0027] ? 2 li. 6 0©KS!©fi^l=»[t b 

*u mf©3B»©xrn©HS!3bqKcvDWK7 olcft-a 
r*sy. BW@yc % 7?x?cvdiim. kjcvdi 
IS. ?7X7CVDWji 6 6 tSSi=EB4iK.-C^ 
*. Sfe6 9li. HlB»7 9tl*tL-CBl£-r*-!f-b^. 

VD«»S3ESlcaiM-4J:5l=i!f3T^*. 
[OOZ8] 8SCVD$IJ|t7 OlCli. TEOS8AD7 

*»**«»A**l. 7JX^g((te8 3tvA"?— fVvi 

?*-a i -eis-taHkSfifc*. s«6 9©ss^ft 
sffi6 9im^-7 1 ©Kflmcaa**i 

fct-5>-8 0CJ:-3t|!l3 5 0°ClzJpj»**i-C^4fc 

to. aMfi±-e*'/vfcTEosr=j:4»cvDK]b<j«ft 
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[0029] ^X^TCVDfaiiU 66|C|±. TEOS 

*ap7 3 tmmmxa 74frbTEos jix&vMm 

#XtfaAS*U #X#&ffi8 3' ki>*o-nmia 

r-is-ic#»**j.. %$6 9' ©sbi=«js**i-&. v 

V9-TO7 81*. t&WJXfB zmtimfrl 61= J: 

o-c s jKjra©a©*0*&*fttti::tMd*L-c£y. 

R F^PAiS- 1 ?- 7 7 b 1 3 . 5 6MH z=HMi4 5 0 k 
Hz0asSmEA^lD**l-S„ C*lb©!£il;£mQE© 
WSSDlCfc-a-C. V-V9-S«I7 8irS*l6 9' g£lM±. 

[0 0 3 0] fldSELfcJ:5l=. £«6 9li. B^t*,^ 

««$SESi=aii«fcto» ^x^cvDistsscv 

DS&tfSESKffiMSSJi-S. ;_©fg. 1©® 

i£ii)t*S5>T oisiiESgiz-r-si, »cvDfiaia7o 

■C***Jh.4»CVDKfl9K*tt|t|2 nm««4:a-y. 

#l, «Jttt^XvcVDKi:H*l=ft«. =©£31= 
L.T. BB4-ca^fcffli:BI«l=Klll*^5XTCVD» 

*lfcCVD«tf»*4*l*. 
[0 03 i) a, *39t«-ett. Si6SS6o«)«ttlc 

VDW*©2aai=Lfcl(f«. ?9X-*CVD«J*«lWD 

[0032] *aft«-e(*. *t?*-7if 

¥fii©*-VT- ^Uttlc L, ±»l=. f>5? 

[0 0 3 3] *fc % **ttfl-C(i. t!->7V^H 
t,a»Xf;KTEOS:ft¥aSi (OC2 HS ) 
4 ) imvtzff* T K7>Wv5> (TMS :<b^SC 
s i (CH3 ) 3 ) . t K7^f^v5nf h7->n* 

•9"> (TMCTS) , «f>f^V?Pf h7VO+ 
(OMCTS) , ^+*/y*i?5/51f-' (HMD 
S) . h'jIh*-»7> <fc*3SS i H (OC 
2 H5 ) 3 ) . hUX-^fil.75y'y7V (It^itS 

i h (n (CH3 ) 2 ) 3 ) *©«,y 

[0 0 3 4] J6J573X*lc*!/>A*?¥aL6:<T 
t t lS7^^TEOS »»*HP©**ttfrfc y fi 

iwc. Ti-T-f-jtoataaua^K. isi^roiSiS 

»*«»6*l*. £bC:. S)S73*X*I=, V7>^©vy 
3^««HbSlS!Hf>T> : E=rSPS*fc©fe-V>. 'J V, * 
•m BUR. 7>f*>f0*Itt*WHt&ft^I 



[0 0 3 5] H 7 ft, *«n©*3©*jk*©:77X-? 

[0 0 3 6] -f*V3S[Sffl9 3fcli, 3fE«fgfflS5§ 10 3 
■*SttMr**ifcB«ffxo8 3t«itt»8 7-ea 

= 1mTor rtftfchtl»S, *fc. V-On-ft^i! 
8 4frb. *;1f®8 5£t/giS&8 6£i!£ffiL-C. 
»2. 54GHz©V-f^Pj$A^|&*tl-CL^ t> £b 
10 l:» iti53-<iU94fl)ft5875#'77(»ffl«f:J: 
or. **>Ma8 3i*TNMTiM0n|.o:/** 
(ECR) MfiCoTfcy. -<^-Vlb^(DBl^tfi^7 
Xv4»«4-T6. ®S-ft>li±ii653'f^9 40« 

f&aiP&tf ansa < ;i/ 9 6 1= j: o -csis^ 9 5 ^31 t m 

&&1 0 6^BI»**iS„ *>'J=i:/IS#££ST 
Eos^lt 8 0 o cfrSfc*ifcfiiagSl 1 2rtlc« 

lg£;KfcTEOS 1 1 IfrbSI&LfcTEOStfX*. 
36*090381 1 3-C-aiESSlSfflILrTEOsaiXP l 07 

fr6Ejss"v»A**i*. *fc. nmn o i-esE 

20 *W»**ifc|fe«#XA<. t'/V*459 BfHLt 

■So Sffi 1 0 6 It. 1 O 9±tSf*^ t 

—5i-l 1 0lC«tor3 0 0' > CtlDj»**i.-CL^. * 
fcv 3iE*Sil!lS8 8|r«fc- 3 -C3!E«SBSiI 

AriAPI 0 84v6flMBi*l**«ffl7*J> 
tfX&XffiilC'^l OSfcAoT. |tl1mTorr|:S 

[0 0 3 7] *3«S«©?7X-7CVD««-ert. * 
-f*>«fflSI9 3rtl=IBIS^7Xv*3B±*#*. 
30 W3^9 6. 9 6' Html*. -T 

*. H«^7XT«)IW*#tJS-K:iB:*aei=L-Cfe<. 

*t. smea-ffl-ioz, 10 2- tat+aati. 

4KI=LTJ3<. c©1*J8t?. Sffil 0 6£af=tt*<f 
TEOS#XHBW«i. ECR7- 
5X-7*«|g»MBcy. «K©Al^5XvcvDa 

Sftl Onm****. *|=, ««|3-f 
*9 6, 96' IC3EfSS[©te£S< LT. -f^-vaffi 
40 a*PWZI=57-H««aSi«»«**i4J:5tL, ±* 
■53-f*9 4. 9 4' ©ft»a»fcJ:rar^XT* 

t. 88E1 0 6±f=li. TEOS*rxi^*>3g^bte 

au-c<«a»5i?*;^ »*#Ta©+tta ; =F©#A» 
**s*n. »cvDWsssis©*A»ec:y. xt^a 

/«Uiy5?©aL^*KA*lT*3*iS. atb=i-nu9 

e, 9 6- iatwti»*& 1 orasoHn-et 
mmzmtL. ^xvcvDntisftcvD^SEst 

50 *C>I:.'!ISCVDR©^7X7CVDIa© 
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t/KgSfc&^ttlc&ftfc^X v c V D tfMtiiZh 
[0 0 3 8] M. g&1 0 6tSi*t^tl.5K*-f^^$- 

*^xwM$*iz>$ : 7-mistmzm^tz&. system 

02. 1 oz' tz&-DTBflLZ*iZiiXZfM&t9i*>. -y- 
4*7*-1 0 9ICjE©®E£SBtaLTffSiS£;h.£J5H&ffi 10 

iL. ^-^fBI^T, 8Jffft^v7j;KZ>& 

8£»ft£ttT£;l£iE&fc*V>£#&U ftfc¥ftffi 
fi£££ffiilL. «6cVD^(DJ3tS^5tf 5<fcdttfc 
S#«fcl*©l±S5*T?t,&lv 
to 0 3 9] ±SB3l««-eii. ^t^SiLTl 
^•OP hPVWfti! (ECR) -f^->Si*fflL^= 

!8£-<*>c03ig£^b£#3¥tfffi£;h.f;E, *© 20 

[0 0 4 0] &tc, *3Sffi«T*l±. ^tS->7>**X<tU 
r. IStxfji, (teos Htgasts i (OC2 Hs ) 

4 ) fcffll^fctf. fl«7^fik>7^ (TMS : fc3*3£ 

5 i (CH3 ) 3 ) . f l-f^fftWPfh^i'P* 
■y-V (TMCTS) . ^SM^US/^Pt K^>P* 
■9-> (OMCTS) , -N^-y-^JUv^+FV (HMD 
S) , h'JIh4ri">7> (ft¥SS i H (OC 

z H5 ) 3 ) , h'JXv^W5/->7V HfcSfcEtS 
i H (N (CH3 ) 2 ) 3 ) *©i/'J=i 30 

[004 1] Sbt. SfS«X*!C. V7>§l03v'j3 

m. mm. T^^moamitm^mt^^mx 

[0 0 4 2] H8lt. *&SBOTf54©7;U5£EiSfi0 
■RIIUIHVSIbS^SI-IBRriiiia-eftd. 

[0 0 4 3] *£*M-Cfi. *t\ ¥«{t*?«£ll$j£ 
LfcSffil 1 5±fc7JU5ia*1 1 4^»efiEt-5 (08 

(a) ) . xiz. *ftna)SK«i o^7X?ft¥ft« 40 

*fi««tffll^T. H* (b) . (o) «)J:5C, 
iCCVDln 6£T;U5E«©J8tJ»J:yJ5<»J£-f 
l/?xn 1 7££ftL/v-K*-?1-5. UvX 
hi 1 7,t*S£?S0>CVDMl 1 6©x->f>^-h 

l=ft«*3l=-r*. ^tUbStifcWHIBti 1 8 

[0 0 4 4] (3L *3?i60n?l±, *FJHfc©fc»KU5?X 



•So 

[0 0 4 5] 0131*. HlffljlJfefflKD^X^te^ 

ftttAss»«ttRLfe. S5©3ttt«©iMt©£a£ 

@1 3-ei*. 13. 5 6MHzgjB;£f| 
A. 45 0kH Z &Ji&m*, -f*>S35^S. ¥*S-f 
*>X*;U=£-|::OI,<.T£LTU£. (IL. lAttl©tt 
t>. **i-f*i©fil©**ffl^fflfiHfcL-Cfc-5«, 
[0 0 4 6] *£tHW©»«s©SjSt?[±. Hi 3©Tfr 
^ 1 SgRUt2Sgffl^lC. 010)1 3. 56MHzi 
450kHj©2-3©JS»»fflKSK«3l3 9. 3 6 
lw % /^Xi/x + U— * 4 03^b/<JUX*Sy. 20© 
JMfc©XJfl&©S*tt*ifitiMttIf::&« J: 3 1= LT. 
->^9— mSl 9tSE^En*aLT^-So -^■Si. 01 
3W63SlfiJ:tf4SB©ttl:. -f ^SStfBJE© 
£<bl±'h£^tf. ¥^-f*>x*;uJp-l*, 450 kH 

stKJBa«*3»»*ffl«rl=«*fllt*y. 13. 5 6M 

Hzaia»s*^«*©B#i=«/hi4r4j:?jza**„ 

x*;u*-©*«fl;*#fc«^. <*>«*©a«H: 
HJHWfcfcfcU RX©£ltfit«<. J: 

Hi 3JttS©*(=. KA«3£©£fl: 

[0047] a, ■io«Btni«fe 
*», *«M©ttffl*lt«-C^Lfc. B6, 07©£S£ 

[0 0 4 8] ft. *MHtt, *«->7>tfXi:L 
T. B»X?;U (TEOS : ffc^iCS i (OC2 H5 ) 

4 ) £fflU*fc#. fh7^f^>7> (TMS 

5 i (CHS ) 3 ) , fh7/f(l'Vi'afh7VD + 
■tf-V (TMCTS) . tf$^W>^Pf + 

(omcts) , ^-y-^^;uvv7if> (hmd 

S) . h'JXh+y->7> (tK8 i H (OC 
2 H5 ) 3 ) , MJX5?J«**T5/->7S/ (Ib^iCS 
i H (N (CH3 ) 2 ) 3 ) f©V';3>tf1b^«lS 

[0 0 4 9] *fc. SfSffx «y:/*«?¥aL&<T 
t, S*7?*;u«TEOS»K»^©§Kfe(*j!)MS:ys 

A4*fc»ftl==t.H»©e*4«l»6*i«. 
[0 0 5 0] *&t*fc. *I»-Cli. vt9-fl 
i 9tBPia-r*iSS5ffiSEA©**3E-fb*l±fcA^ /<;ux 
i?x*iy-5 4 0©fEfiE-rs/<;i,xic^JtBLr. ^©jS 



£ . cfe y ASFttStSttBttftW 6*1* . 
[0 0 5 i J mt 41*. #«ffl©tB 6 3^5 X 

gBTMi. v'JnvM^ir'SrSa^x^JU (6LTTEO 

*^fr6tt&4*i*ja#*W)TEOS£. v^^o- 
SrojSf*3S*ii6i5Sl 7 5-estMIKL, *ftg1 8 7 
■CJSStaft**, 3ft*S8gJl§l 7 6T^*fiSfl4*i.fc 
-N«jH?At;1^**i.-C±fiE**i,-5. 10 

auM»»i 7 4Tau»ii**i.fcB»t, mptetem 

^ff*-B-C*rt**l*. *fc. iaS6fe****Xl±. fig 

1 7 7 nottftamb** i a 5 £2itftira& 1 7 

4©ffl£-C*iH8B**i*A<, *Sffifi"ir-f*1 0-2 0°C© 
SSi-CttfflLfc. C©.):7tU4*i*ifc, teos 
#X, *yv#^f&ilt:tfxfcJ:imi£te7Kf&:tfX!±. T 
EOS3PAP18 9, ^/VSPAP 1 8 8fcJ;tf&ib7K 20 
ifttfXiSAP 1 9 0fr&7^*-/Up2 08f=3PA4*l. 
*„ KrtT-lt, c*i607j*Xl;fc;1-&4*u # 

Xttttttl 9 2l=iJfc**l=<i:oT. BlfiS-ClMH- 
*. 4bl=. v-V^-lfill 9 4 !=£*:*<!:. 4 6I=«J 
-l=#»L. Ste2 0 7(D^®l=iiR#Wte.*i.-5„ SIS 
2 0 7I±. Si C+H»?5> 1 9 6 ±1=8***1. 5£« 
1 9 7£SLT»]&5>?1 9 8fr67M08*4*t. 2 0 
O~4 5O°CHg0Jiggl=«}t$*lT^-5„ 

Si9 4tt. «8'JV^1 9 3i=j:o-cte<0Sii#<fcS£ 
Mi=«»**i-cisy» RF*iB*206-efs***i*i 30 

3. 5 6MHz©SSa*<W»**VCl^. aftgl 9 

9I*SS^^2 0 1 i=a«Sirci3y, 5)££19 5 

<DE2)I±. 0. 1~&+To r r l=«»4*VCW&. 

[0 0 5 2] *3fflH-Cli. a±<D«ft8«£ffllv<\ 
f£JgtSj£2 0 0°C. (JtiffilOTcrr, RF/i9~ 

ioow, T EOSafcts osccm. 8t££ (02 ) lift 
Jit 1 S LM, *V>iSj£5%. aSfl:** (H2 02 ) 

9EJto~5sccMa>iaiftfr-ettttn«»j£Lfe. B 

5±©W8fiB»«tttttLfcHTf**. HI 6 (a) 40 
It, «£*CDTEOS£igS (02 ] ffl^7X7ai«* 
Sfe^fflLxfeffiStat (WTTEOS/O! jg?5X7CV 
D HI ire?) .116 (b)lt #£fliff!l<Dg;tt<Drt. 
«Sft7K* (H2O2 ) SiAfOSCCMffli^ (-3* 

y. ^-y>*ffli«©*tfflt*fc»*) .laie (c) 

tt» iiltte** (H2 02 ) 3fE* 

#5 S CCMC?i§££SLTl, , i*,, B 1 6 (a) <t 

(b) i»©«*3yr=3!-'y>**ii»#ffli>*- 
t iz <fc y . x ^ / < v -j *> a< *vft y &g * *tfc c t 

A^il-Sjbv TX-^C htt7b<1 . O^JSptSX^-XIzJ* 50 



uri±. p cs) 2 4 9*«*i:*=i:tw*. si 

6 (c) *'/>*«|»l=JlliLT*&l=iiKfl:* 
sUffx (H2 02 ) &mi1rZzk\z&-ox. TX^f 
K±fcA< 1 . 0£i8;i.*X'<-XI=fclvt*,;t?'l' P (£) 

U 

H2 02 -> H2 O + ■ O (1 ) 

8Hg=5v:fjJU (• o) k& (H2 o) £±jSU c*it> 
#TE0 8©*6jrffi*r«fcto. BS-CSLfelBJt 

ffUE#5o«>£AiMut4*L. ffflaMKAtBUnSft? 

9 XV tfMMt * *LT ^ *tt$T? *llr*jSffrS&#£&ttJi 

5 9 iiJBriE4*i3fc«>-eifc£ t#x. 6*i* . 
[0 0 5 3] Si. *£l6$T'li. SBtoffXiLtaKfl: 

**£ffll'fc*«. (H2 ) . * (H2 O) , @Hb* 

r;U3-;u. a;u#=JHb^8a. tjju*:>8!3?cdJ: 
5 !=&&«*: SiSLTtK (Hi o) Ut$®$m 

*#A<g466*ifc. *fc. **HM-Cf±. fc&v^tf 
XtUt. SlfcX^JL- (TEOS : fc^xtS i (OC2 
H5 ) 4 ) fh^J'f^V (TMS : 

**3S i (CH3 ) 3 ) , f l>7^^->?nfh7 
•>P*+*-> (TMCTS) , *if$^f;i/^af h7 
->P*-*V (OMCTS) , 'v+*j«yjU5?-> i 5-« s V 
(HMDS) . MJlMri/i^V «b¥itS i H (O 
C2 H5 ) 3 ) , h'JXi?J»^U7'£./ W> (ft^xt 
S i H (N (CH3 ) 2 ) 3 ) t|©V 'J =t 

[0054] in si*. *%wo>%7 nmmmoi^x 

Sit¥.5C) ^Xl±. C(DBT'tta**VCl>&LNTEOS 
$ V^^b^*^*. j«<*±<7)TEOS^. 7X3P 

-Mro;ai*,TL*si!ii!iSg2 1 o-cauHMiu msmz 2 

2-CS6ftl=afl:S#. jjft*i)9gllSl2 1 1 -Ca!E*l)SfiiI**L ' 
MB«)* i ;vftllzzitiAL. 1~10%0* 

i±. its§S2 1 QpvammssAt^mz z o^ssejhh 
s« 2 1 2-eauw»4*ife^y>i»-e/wj>y-r4 
wtr= j: 94^4*1*. asfc7K«**x©aisr±» us 

#SS2 i 9<DSS-elifflI4*i-5^ **SfeffJT-fii o~ 
ZO°C»«SfflT?ffifflLfc, CC0<fc7l=L-Ci)i!t4*Lfc. 
TEOSA'X, *W^*»i(l**Xi3J:«a^b7K*** 
X(±. T E O S9PAP 2 2 4, *7>*AD2 2 3&cfc 
0:aitft7K*7]X3pAP 2 2 5fr67;zjfe-rt, KZ4 4 
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-fcttttf*. ->-V7-1fS2 2 9l::Sfc* 

bfr-S., SS2 4 3(i. Si c-9-b^2 3 1±I=S* 

£*U 53HS2 3 2^LXHa^'^2 3 3fr£,jtia 
g*£*U 2 0 0~4 5 0°CgJgCDSei-«^**lTO 
«. Pat 2 3 4ttK^-K>^2 3 6 \Z&&£HT3S 
y, SJt^2 3 0©F*j£|l©E:&te, 0. 1-9+Tor 
rl=«l#**L-Cl.^„ ->tO-lft2 2 9lt, f&S'JV 10 
72 2 8l=J:^Tfeffl»#£*«Hf=IMt**i.-cey» 
RF«I3?2 4 1T-J64^413. 5 6MHz©?gJl 
SStA^*D**lT^S. C©RF*ilS2 4 1©**l*. 
'<*xa±B2 4 2-e«4*#l*/<JUXCJ:-C«»**l 

-easy, sjawiroN -oFFLfcy. ss*tsftufc 

[0 0 5 5] *3&KSWfl±. Bl±«)»ft3Mtffl^T. 
1*83X3 5 0°C. {SHE* 1 0 T o r r . R FJij$» 
13. 5 6MHz, RF/W-100W, /fA/Xflftft 
1Hz. t^-t-C— J±D = 3 0%. TEOSiSl50 20 
SCCM. (02 ) SfejtlSLM, ^WalS5 

%■ fflBSft** (H2 02 ) 3*0-5 SCCMffllSK 
&fr-C*fiJg]®£«liELfc. 01 7 li*Hlfi«iDfiElS*fr 
T?^f£Lfc*6*fi|®©, 7^3R«'2 6 1±a>«M]B»R 
t*LTlt«. *JUMI=J:4lI2. TXsV? K 

Zia-mmz*i, 

[0 0 5 6] ft. *»lf|-ett. RF3gK«©S&*kJ: 

lti3. 56MHz^fflufc^. *%wo>mmmi t 30 

fiftHc. 4 5 0Hz«©«flX£AoX.«£$€.l::Al*l 

L^RF/<9-fflON ■ OFF^ffofctf. I26©«l& 
ttKffllvc, ^X7C!)Htt-»jBlt<t>tt)B«iiyS 

lv7>fXHT, aSxfft (TEOS:ft¥iCS 
i (OC2 H5 ) 4 ) ^JS^fctf. Th7W'>7> 
(TMSift^aSi (CH-3 ) 3 ) . f h7^W*> 

5Df h7'>Ptt> (TMCTS) , 

9Qf F7vOW> (OMCTS) . <-n*-»> 40 

•>7+F> (HMDS) . h'JIht->V7> (fc¥ftS 
i H (OC2 HS ) 3 ) , hUXv>fil-7;yy7> 
Mb*SS i H (N (CH3 ) 2) 3 ) 3?©v'J=J># 

[00573 01 8l±. **W«>*8«>jafc«fl!)^vX 
7VOW> (KIT OMCTSt nf^o •fb^Stt. S i 

4 012C8 H24T?fe-5„) #X1±. ^0)MT:l*&£HT 



*lfel»»X«jW»ttMl©^-»/>«±4]l2 6 4I=»A 
L. 0. 1-1. 0%©*7V£^&£-£T*l£$*l 

imhn» ax*:/** au«s«2 5 7-e 

#X, **Ju-gH&MiiXtSi:Xf7> : Z-TfiX\t. o 
MCTS3PAP2 6 7, 4"yviHAn2 6 8fc«fcT/NH 

3 3IAP2 6 6^bVZ,1;-j|,F2 6 9t*AS*LS. 

K(*JT?I±. ^*i&©#xl*g£S*i. tfxffi 

ssc«27 1 tafc-s*«3j:o-c. 'isisJs-r=*sa-r-6. 

S&lc. v+9-Ift2 7 3|:3Ht. 

3ME2 7Bffl«iBCft#Wlt6*ift. Sffi2 7 
5I±, S i C^^*2 7 6±l=Sf*tl, 535S2 7 
7£&LTM&7>?2 7 8frb7fc}]g&£*U 2 0 0- 

4 5 0t8ftfflajSl=fla***lTl**. J*SE2 7 91* 
Jtffi*V^2B1l=JMi*il,Ttey. ££l2 7 4©|* 
SiUDEAIi. 0. 1~8M-To r r ©aa4ttl=ftft<!F 
*TCH*. i>*?-Sffi2 7 3(i, mtU>jf2 7 2l= 

2 8 6T»S54i*l4l 3. 5 6MHz»IH»OTJPi 

*lTlv5„ C©RF&«3S2 8 6©fcB*Jli, 

• 2 8 7Tf*±**l4/<^XC*-3T«i»S*irfiy. 

mnn&oN -OFFLfcy. sMEA»»tufcy-r*. 
[0058] *xt«H-ei±. ja±©»<E«ii€ffli^r. 

fitffiiSSSO Ot, ifflBEEai. OTorr, R FJS& 
»1 3. 56MHz. RF/57-3 0 0W, /U-Xjgjfc 
»0. 2Hz (/<;UX®»5 8>) , fi-f<-ltD = 
2 0%, OMCTS35EJI5 0SCCM. 18* (02 ) WL 
*0. 1SLM, =J-7l/»Jg 1 %. TV^-T (N 

H3>a«i. osLM©jwMF?temieKj£i 
fc. 

[0 0 5 9] SSSStLT&l 2 0 05l->y7.hP-A/ 
m i nOMMtaUUfll&il. X.TylilitXsvVto* 
9 0%KJ:T-feofc o £fc. BX««4Uit 
5-2 5%©S i ONTffcy, H^tK^**. 1 WXT 

[0 0 6 0] *HM©*6^©fiEm<lfltI*WT© ,fc ? 

RF/^-A<OFF©tt©T^ * 
VVtOMCTSWSftCVDSf&A^^S,, C©SfE 

•cJBfiE$^ z >©it. 7k»^*>^y^<^fcs i 02 |gt 

^IC. RF/^-tfONKfc&t, T>=E-T 
^X7^4-TS 0 ^CVDSffiT^jS^^lfcS i O 

2 mt. ^oT^-T^x-vKwztiztmmj* 

>A<aA*^. ^b**i6=t,©t*itP,*i4 0 RF/?7 
-A<ON©B%Pb1[±. SOTSt^XvCVDJRfttiCr 
fcy. SJ^**X*ICS i . O, N. HA^*^,§©T-S 
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TSW&CVDJkJSWT^U-htfftl ooot^x 
hD-A/min, RF/<7-^ONCLfc^7X7C 
VDIKfflf^U- KA<2 0 0 O + V^X l-a-A/m 

1 nT-fey, RF/<9-OFF©^]5<48>-eS>S© 

i?, $1 2 sp— ix©Sig:<7)s i 02 Bi^r 

lis -©S£©llgJ5©S i oamtf. r^-r^yX 
VT?#Sr=:2fl:**L*¥$»igL-Cfcy. Lfrtu RF 

/<9-©oN • of Fic^y, ^J5^isit«afiE»ftr-VM 

[00 6 1] (Sh RF3EMSg»SS»t 
LT13. 5 6MH z$ffll*fcrt<, *«?SO*JSfi»J1 <t 
HflllC. 4 5 0Hz5fffleH;£^llP^^t$b|-aL^ 

*B*ffllvc. ?5X-?©Htt • *HH<0ttS«MUiB 

^1/ (OMCTS) fcfflLVfctf, Ifilf* (TEO 
S : S i (OC2 H5 ) 4 ) , t hyt^Jlsis^y (T 
MS : S i (CHJ ) J ) , f l-5^f^nf 1-7 

->n*-y-^ (tmcts) , *n,i>5^-!fv 

(HMDS) , K'JXh+vv7> (S i H (OC2 H 
5)3) *0V'j a Sffl^TtHttOMS 
*fc, t«V7V^tLt. MJXS?* 
f^75^->7> (S i H (N (CH3 ) 2 ) 3 ) -¥>h 
'JX^X^iUTS-/ V7> (S i H (N (C 

2 hs ) z ) j ) 4f. s i -Ni&ftsirt-sftaas 

T, 7>t-7 (NH3 ) Zm^tzAK N2 *>N2 tH 

[0062]11 9 It, #*W©$9©3SMH©:75X 

[0 0 6 3] -f*^Kej«aosi=tt. jfc*I18&&2 8 
BTiBM4WS:7>*=7WNHi SUtiSffi 

*2 8 9-es«H«r**ifc*»^Ni oi, 3UUHI 
»2 9o-ea*iH«f**ifcaai^N2 zm*s£;H, e 

Alt, p=100tnTorrCSfc*VW5. *fc. 7 
-r^O;-Sm3S3 0 0A>t,, «ak*2g9&tfa»BZ9 

Tl^*. 3Em^53-r;U3 03(0^*8 

7 5H^7.<Dfmiz£-3X. 4*>MSM3 0 5flT?lt 

S^-y-^a hPVftB (ecr) tfjecc-cfcy. * 
^vft^WiSl^Xv*^*"*-*.,, cc:-e£l***v5 

mk<t*-s. mm^t^, *fn-^>itim»E3 0 3 

©ie»»*&i;a«l3-fJH . 3 0 4l"J:-DTS[fSE3 

0 9^31 4*1. yjvK3 0 7©Ktiiiisayai+ 

SJS3 i O^SSSteiiS. V>) » F3 0 7 It, EPiD 



[0064] v'J 3X/JS*4i:3S-5)TDEAS73Xlts 8 
Ott«fc*lfeiaM3 1 7rtl=«SSS*lfcTDEA 
S Cfttt) 3 1 8*&aBBl,fcTDEAS#*t» 5SJt 
gSSPS§2 9 2T?SiE*S@SSL. SS*SEfii5S2 9 1 -CXM 
***lfcB*ifXfcjS^**u-C. 7-XffX»AP3 0 

:ZT-. T DEAS 3 1 8©A^>-Cl*-»>ilE;1i&S&3 1 7 
10 frt, V~7.iJ7.mxa 3 0 8i::ofc?b<&iE&<fc V— 
X»AP3 08lt. 8 O°C&.±0)-jt%BL\Z&tz*iXl* 
*„ Ste3 1 Olt. 1 2±lcgS**k t 

-$-3 1 5ICj:or3 0 0lCICjta!ift4*L-Cl^„ * 
fc, EJ6S©E»I*. KS*^S1 SI=J:-3-C. 81 
mTo r rl:Sfc*VTL»4. 

[0 0 6 5] #£Wl©:?5X?CVDg{rcli, * 
1*. V**n»WB3 00*IM**tt. £«WB3*JU 
l:,):«8 7 6fl^«)WI€!!±*t. ECRftiB£± 

20 T7jx. as^tf. SljRTiX^&ft^^^Xv^SB^** 
•5. tSa!)3-f;H • 3 0 4fcJ:t/Mffil=l'OU2 -311 

**ft*Tf**<tfii=UT:j3#. ^xtcjuwi*- 

«E«B«toL-c. ^X^r+tTME-r*. i&ft-f^o 
♦ , ■mm<<*^u+ . **-t*>h* ftif©]Ec*iiL 

£©«#!::* oTJRKSift. S«3 1 01= 
■*&*LftL«J:*l=LT&<. -©ttffiTMi, SS3 1 

oaacit. -f t>ja»a o Bfto^xvif -c±* 

30 **if=+tt©gtt« (55?* A) *»»*©*t*«l&**i 
TDEAS;tf*£(Jt*8ir6<t, +ttstta 
(5y*« E«fc ySttft**ifcttfl:*JElB4«S^ « . 
Xify?;*)/^yv©&l>S i ONRA<JISJa44i-6. * 
SatW-CI*. C©»fc*JE«;i=J:«S i ONISK1 O 
nm^RUL-fc. 9Hv K3 0 7l=Hlln-r*«Et 
•ifafe$LN|tft©/]v4«:fllzL, jEE**Lfc-r;*-:/ 
**. WS3 1 o©»Bt=WM**i**3l=f *. 

*«H-«*t*9«*©*»*«*4<BaBL. ?5X? 

40 cvDn&n*©RK«#-r«. moKi^s i onh 
*fc, Sffisa-eit^7X-7<t^j£ist^c:o 
Tfcy, 7"7Xvcvd ■ s i 0NBttSI^I=»fi6S*i 

•So -tC-C, K3 0 7l=EP*p-#"*aE*. 

&i o»sj£©ssHTf*ft4**fc. s«3 1 oizmm 

GVD • S i ONSI©}i5fiEt. ^7X7CVD ■ S i O 
NR^aJl^SSCfi*****!:**. ^©^*. X 

cvd • s i ONltfM*>i5„ WI=*SilW!-el*» 
50 RIS^ESS ImTo r rUKLTl»ifl5T, 7XX 



(11) 



tfH3P06-1 68930 



[0 0 6 6] g«3 1 Ol-H»4*l*-«-^t*fc 

lt, ±K(De9r-ityj ? K3 o 7icjes 

1 ■ 3 0 4l= t fc^5 i 5-Sffli«^ »«3-fjUZ • 3 1 
jfi3 1 3fr&U-fe:7$-3 1 2lc]Efl)mE*MPU-C» 

95* tttf 6 J: 5 till: Ufc»<fl=tt. 7 

ft*««fl»«EJtL. &CVD)B|(Dj£g£ffiM-f3<fc 
3fcLfc*#J:l*©l*S3*Tf*«i:lVi 
[0 0 6 7] *fc, ±ffi||«5«-eii, -eti'itui 
^-r^p ha^&v&m. (ecr) -f*vatfflt»fe 

i\ **>©^*fcfc4tt«*!MH**Lli. *<DJKa 

[0 0 6 8] *fc, *Mkfl-eit. »>7>tfXiL 
t\ h'jxyif ;u75y*>7^ (tdeas : it^st 20 

S i H (N (C2 HS ] 2 ) 3 ) SfflL>fc3b«. Sgif 
;U (TEOS : Ib^SCS i (OC2 H5 ) 4 ) , t h=5 
(TMS Mb*SCS I (CHs ) 3 ) . tt 
h^^^U^nxh^^ndr-H-V (TMCTS) . * 
0 5 *?)\>\s9 Df h7->adf-9-> (OMCTS) , 
*?>x/U5?i/ J 5-tfl' (HMDS) , h'JXh+i/->7 
V (ft^SCS i H (OC2 H5 ) 3 ) , KMXS^X^ 
75/V7> «b¥5tS i H (N (CH3 ) 2 ) 3 ) H 

S. 30 
[0 0 6 9] 4&|=. EfcffXtl::, V7>WJ3 

■Clis ^X7«6±4*4flXtLT. 7^-7 
(NHS ) N2 ^f>N2 £H2 0>;1£#X£ 

[0070] 

ft&l*. *S*BB^©^^XvHWSI*«li»MK*fc 40 

TEOSffliftCVDifflMi. ^©S&CVDj®©:^ 

TEOS • CVDflS©»Jfc£SyiSLTfT-5fctf>s fitUB 

SteXff^Al/V^L. Bg+*#a*>M*X h 
UXtf/hS<, jftfftEMtt*-r«?7;C-7CVDB0 

»*6tsrfttft*a*3ii»j5*. *t. *An©fl#jMi 
;aKib*si*©**D**xs-^t;fc»s a*a^-tt» so 



[0O7 1] *fc % *»9i©<b¥fttf ft* 

•58M*. afcLMi, i^roRJSgSrticait&iifc^X 
^3tKfflRft4*»©^7^vH«««t, ^©«»© 

tt. *?;C*B»^*HM»l-»t*1*Sfc©©«« 

W©^7Xvfl:*flH8a*at»*MC*S|-e#*. * 
fc. *^©fc*ft«£JtKKt*. 5SI£<brt». *Sfe, 

>»©«©**< it i «S*#XttS6fcLT{Kt6f S 

anntt*LTfey. *«w©fl:*ft«jaftfttJa»M 

[0 0 7 23 #«B!©£JgEI6©a»*a:l*, ft 

»^ ! 5Vfcl»ft*^l±*-'-/vfcH»tt*»»©Sln* 
xt«»t-i-4*»MB*©fc*Sl«JMffi*ffli»* 

iv &siffi^Baicis n ro«±©*L>fe»^^. 

5/'J*MflilS*ffll^flE*©*Sffi»©»Jt*S6(= 
H>*. »HB*©*#«#*iW;:**U m9'9v9Vi 
<Z>|S]± V x huxv-ryu— ->3>©45isL x;u-*- 

A.©»a»ft©fi±**«iBe»*i*. sfc. **«©*» 

K«©»t*ft©:tB*l*. flHME&SsfcHXTSlX 
j«'J>LTl^©T?. »4iffil±L. 3XhWa*h 

[HIB©ff*&RBI] 

[0 1 ] **BJl©Sf5 1 ©MWS«t^7X7ft¥WB 
[0 2] Bl©?7X?fc*««JMS«©»fls*, EP 

akjs***. ass-r^vst. *'/>aa©B*w«fci= 
[S3] ^jewwjsfflwwieta-r^TjuH. 

[043 B2©«fc5<t»#tff-3fclB©, BMflHBiH 

[0 5] H2©J:5ftBfttfT-3fclB©. 
M (ton) ©SJ£ (x^-x-r-D) &KJSS3K. x 

OHSaWKftftABKH. 

[0 6] *^fl>tE2©Htetl2©^ : 7Xv<b^Si*ifi£ 
g^S©5(5S©ilBS¥ffi0at/iiSKff®0o 

[07] *»w©*3©asjs«©^xvfc*fts** 
«a©«Bs*a-r*»«fffi®. 

[0 8] *IEB8©S4©||ltefiiI©T;u5*HiEli©BPa 

*6^m s Faiba^s-r*sfiBfS0o 

[0 9 3 «£*©^7XvS*l*figa©WBS®. 
[0103 ^7Xv**«**«SI4:. t'/>iTEO 



(12) 



ftBfj3F06-1 68930 



s (Dftfc¥ftffiaJt& t £3EEtcfl:fB ,*-£t£*©7i&l:: 




3 0 




felts, v-v9-1fiii=EP*n*ti^SjR«*t. ^ 




3 1 


/<jL7HMHiff* 






3 2 








3 3 








3 4 








3 5 








3 6 


450kHz issasmas 






3 7 








3 8 


M/U7^W- 


[B 1 3] H 1 oft 1 ©**««> ^X-*fc*MiUBJM 


10 


3 9 


1 3. 5 6MH zSJSjftgjg 






4 0 








4 1 




[Bi 4] **M©ft6ffl*lMlffl^5X7ft:*««* 




4 2 


a-v>#?*©*fl: 






4 3 


»*-<*>*©** 


[01 5] **Bjjfflft7ffl£lfi0|©:7 J 5X^fc3SAttBf£ 




44 


awa«*©«fl: 


ssfi©«EKss-riaiiiBsa. 




4 5 




[®i e] *«n©ft6©sjfe«f©^7X7ft«aflft 




4 6 


TEOS»M6#T 


*ffl^T©fifc*^fc*6sei©XTf **/<u9 




4 7 


mm<t*> 


IMfraiSI. 




4 8 




[Hi 7] :MBn©ft7aSttfl©?7X7ftffij£ft£ 


20 


4 9 


TEOBfWt4HT-©tt«k 


tHJ^X»**Hfc«MfflXT9^*/<Uv5?tat 




5 0 








5 1 




[01 si ««n©ft8©xikflr©^7X7fti*MBi« 




5 2 


as 


£Sa©«EH«ft-r«ffilH. 




5 3 


TEOSIOffiS 


[019] ;MIM©ft9©Xttfl©7?X?«:WMHt 




54 


TEOS 






5 5 




[ft*©M 




5 6 




1. z ^*SB«5S 




5 7 


M*7 3?*/i/©atk 


3 ®#%t*mts&& 




5 8 


^yv»^©»» 


4, 5 MMHi 


30 


5 9 




6-10 




6 0 




1 1 




6 1 




1 2 




6 2 


ftiwsacvD^ 


1 3 t>;viAn 




6 3 




14 TEOSIAO 




6 4 




15 7-*-;i-K 




6 5 


$Z(DS5CVDl 


16 Ha«AP 




6 6 


ft 2 © ? 7 X7 C V D BIl£&&©«*fi£|g 


1 7 ffattttfi 




6 7 


ft3©^7X7CVDJl 


18 




6 8 


i3»7-7X7cv DHi£an©»aK 


1 9 ->-v?-ea 


40 


6 9 


as 


2 0 JxJfcg 




7 0 




2 1 Si C-y-4r^$- 




7 1 


1Hz 79- 


2 2 ElEte 




7 2 




23 tm?->-? 




7 3 


T EOS3IACJ 


2 4 ftffff 




7 4 




2 5 AS^-rAjl,;? 




7 5 




2 6 S^/KV^ 




7 6 


KM* 


2 7 /^M^J- 




7 7 




2 8 Sfi 




7 8 


v-v-7-ma 


2 9 Sg-fe 


50 


7 9 





(13) 



1#|g¥06-168930 



8 0 


fc-*- 


1 26 




8 1 




1 27 


/to,? 


8 2 




1 28 




83 




1 29 


1 3. 5 6MHzil5JiiSmiB 


1 6 6 




1 3 O 




8 4 




13 1 


T EOS 


8 5 




1 3 2 




8 6 


is®® 


1 33 


450kHZSMtiS 


8 7 




1 34 




8 8 


%tmmm% 


10 135 




8 9 




13 6 




9 0 




1 37 


Km ■ +^>*AP 


9 1 


Ar#AP 


13 8 


TEOSiAQ 


9 2 


02 SAP 


13 9 


HelAP 


9 3 




1 4 0 




94, 9 4- ±mm^-<ji 


1 4 1 




9 5 




1 42 




9 6, 9 6' MSl^-OU 


1 43 


£££ 


9 7 




1 4 4 


s i c-y-fe^- 


9 8 




20 14 5 




9 9 




1 4 6 




1 00 




1 47 




1 0 1 


9KSMf* 


1 4 8 




1 0 2, 


10 2' JRttaEa-OU 


149 




1 03 




16 5 




1 04 




1 5 0 




1 0 5 




1 5 1 




1 0 6 




1 52 




1 07 


TEOSSAP 


1 53 


7;i/Sffita 


1 0 8 


ArlAP 


30 15 4 


Si tottX* CVDflSt 


1 09 




1 5 5 




1 1 0 


t— 9- 


15 6 




1 1 1 


TEOS 


1 58 




1 1 2 


um 


1 5 9 




1 1 3 




1 60 




1 6 4 




1 6 1 


->ya«ir* (*tti§is«) 


1 6 8 




1 6 2 




1 1 4 




1 6 3 


^7X7CVDS 


1 1 5 


&£ 


1 6 9 


13. 56MHz HJi;"61i7J©gEfb 


1 6 7 


*«wdcvd* 


40 17 0 


450kHz Am^mtsomt 


1 1 6 


*f£li8©CVDl£ 


1 7 1 




1 1 7 




1 7 2 




1 1 8 


WHfc**ifcJMBBl 


1 73 


&Jt£A©X«: 


1 1 9 


3MHIM 


1 7 4 




1 2 0 


afcsnss 


1 7 5 




1 2 1 




1 7 6- 


1 7 8 SUllttS 


1 2 2 




17 9- 


183 


1 23 


S!t*ll3«sS 


1 84 




1 2 4 




18 5 


ifigMb7)C& (Hi 02 ) 


1 2 5 




50 18 6 





(14) 



WHW06-1 68930 



1 8 7 






243 


£« 


1 8 8 






244 




1 8 9 


TEOS3IAP 




2 4 5 




19 0 


HZ 02 »AP 




246 


TEOS/02 


1 9 1 


He#AP 




247 


*S*ff0ffiUt (I 


1 9 2 






M) 




1 9 3 






2 4 8 




1 9 4 






M) 




1 9 5 






249 


X4 h* CIS) 


1 9 6 


s i cihz:/*- 


10 


250 


£S 


1 9 7 






2 5 1 




1 9 8 






252 




1 9 9 


ami 1 




2 53 




2 0 0 






254 




2 0 1 






2 55 




2 02 


/t;ux=E-Sr- 




2 5 6~ 


2 5 8 9EHM* 


203 






2 5 9~ 


2 6 3 


204 






2 64 




2 05 






2 65 




2 0 6 




20 


266 


NH3 SAP 


207 






2 6 7 


OMCTSsfAP 


2 0 8 






2 6 8 




20 9 


sums 




2 69 




2 1 0 


SftiUHIlrS 




270 


Nz #AP 


2 1 1~ 


2 1 3 3S*sSffi* 




2 7 1 


tfxtei&te 


2 1 4~ 


2 1 8 AA-? 




27 2 




2 1 9 






2 7 3 




2 2 0 


mmitxm cm 02 ) 




2 7 4 




2 2 1 






275 




2 2 2 




30 


2 7 6 


s i c-y-tr^ 


2 2 3 






277 




2 2 4 


TEOS#AP 




27 8 




2 2 5 


Hz Oz »AP 




279 




2 2 6 


HeiAP 




280 




2 2 7 


Tixftgtfc 




2 8 1 




2 2 8 






282 




2 2 9 






283 




23 0 






284 




2 3 1 


S i C+H??*- 




285 




2 3 2 




40 


2 86 


RFKH3S 


2 3 3 






2 87 




2 3 4 






2 8 8- 


2 9 2 SfE*lJlfiIS^ 


2 3 5 






29 3- 


297 /«;i/3? 


2 3 6 






298 




2 3 7 


/t^X*— *— 




2 9 9 




2 3 8 






3 0 0 




2 3 9 






3 0 1 


N2 #AP 


2 4 0 






3 0 2 


NH3 , N2 03MJ 


2 4 1 


RF«ft» 




303 




2 4 2 




50 


304 





(15) 



^13^06-168930 



3 05 4*l,mm 312 

306 yihvvnmmmk 313 /ur^ian.^ 

3 07 ^'J7K 314 fcSIf 

308 y-X^^XP 315 fc-*- 

3 09 KJ£M 316 

3 1 0 &1£ 3 17 tl^gS 

311 ^S(ja^;U2 318 TDEAS 




^§3^06-168930 



L 



IJWUIT 

JWW1 
MuUlTL 



nf M (sec) 



J* 



0 m « w 

* HI [sec) 



(18) 



#g?|SF06-168930 




(19) 



ftga¥06-168930 





! 



(21) 



*$IW5¥06-1 68930 



[015] 




(22) 



^63*06-168930 



T*?SEJ« TE6S/02XXYO& 




(24) 



^¥06-1 68930 



[019] 




(5i) intci. s khg« (t^sas^ 

HO 1 L 21/90 P 7514-4M 



